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The object of this book is to iireseiit a sninniary of the recent 
iiflvances in the stndv of vaniislies and their eoin))onents. ^ 
detailed tiisatment woitliy of the ini|iortanee of the snbj(U‘t is 
ini|)ossible in a vohiiiie of eoin|)iu'atively small size, but tliost; who 
wish to ()J)tain instrnctMns Jor tiie carrying out of tlio processes 
on a factory scale will (ind r<>terences to reiiable authorities. For 
the conveniciu'e of readers who are unable to consult the foreign^ 
authorities, abstracts will'be found in the Journal of the Norifty of 
( hemiral Imhtslry. and in the bibliograjdiy ct the end of this book. 

It has been consideri'd necessary to lay stre.ss on the chemical 
composition of the components of varnishes as far as they are 
known to allect the pro^xuties of the “ mixings.” It must be 
confessed that the influence of chemical composition often appears 
ft'eble, but in the opinioii of tlu' writer closer invesfigation always 
maintains th<^ connection betw'een chemi(^al oRmposition and 
pro])erties. ^ , 

The varnisb-makcT- deals for the most i)art with subg^jwz-s of 
a colloid nature which give .sy.stt‘ms whose pro])ertTes arc often 
not comparable with those of colloids in aejueous media. The 
composition of linseed oil, which is the ni>.st importafit component^ 
of oil varnishes, is fairly tvell known, but th(*“ drying ’• or oxidation 
])rocess has been very inadequately investigated. As, in p '^'ot s 
the oil medium is onf of the decisive factors of the durability of the 
coating, althoijgh in varnishes the durability is grcj,tly»influeiBeed 
by the ampimt and quality of the resins, which themselves have 
been also inadequately investigated* The properties of linoxyn 
and the changes which occur on tl)^ .weathering of resins dissolved 
in drying oils would forii^xeellerljbjSubjeet? for investigation by 
a ]tesearch^N(j5oeiatioii. Fnave laidj stress on the eonsjjllration of 
problems «f V'lscosity and elastic!^' in the maintenance of uni¬ 
formity througjiout the vaj-^ish film, w^ich is of paramount import¬ 
ance in producing a permanent plane ^surface’ and i?i proventing 
“ bloom.” The preseijce of jpiall quantities of foreign suistances 
profoundly jnexlifies the suixjrfieial properties of varnish films, which 
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is a characUiristic of oofloid systems, and many suJL changed cannot 
lie easily explained. Nevertlielcs.s, from tl)e author’s experience 
the properties of varnishes coifiorm broadly to those of norras^ 
systems, if due allowance be made for the special relationships of 
the rtmiponents. * 

Headers may l)e disappointed in not finding recijKW for the 
preparation of up-to-date varnishes. The fornml® given.illu8trate 
general principles withtmt going* fully intb craftsmen’s details. 
Even if full details were given, variation in the gjuality of the re,}*' 
material would seriously affect the (pialities of the products. There 
are, howevee, a few princi[)les connecting the jwoportions of the 
coinpommts, and if good n'sults arc required good materials must 
be used. I have lightly touched on the details of thu decorator's 
craft, and on the essential importance of undeicoats of gopd quality, 
because many of thersuperlieial defects are caused by neglect of 
the preparation «f the under-surface. 

The chapter on s])irit varnishes contains a short reference to 
“ doptis ” or soluble cellulose spirit mixings, which are still used 
as rather inadequab^ protectors of metals. 

The large demand for insidating varnishes has merited a special 
eh.ipter. Linoleum has not been ineliyled, although a study of 
the pro('e.sse8 of that industry is of value to any interested in the 
pro|)orties of linoxyn. A summary of thejeniowledge of this indu.stry 
has been given' by de Waele and the writer in lijiliher, Resins, 
Paints, and Varnishes. , 

My hban.lig arc due to Messrs. Mander Brothers, Wolverhampton, 
for iMwmission to publish this bof)k: to Dr. Morgan and Mr. Hedley 
Barry for kindly i-cading the ])roofs, and for making many helpful 
criticisms; tS Dr.'V. Eyde for photographs of varieties of linseed; 
to the British EpgineSring Standards Association for permission 
bmprodvee the Retails of many speeilioations; to the Aerostyle 
Company (Spraying Apparatus), the Aluminium Plant and Vessel 
Coifipany (tlum Melting Pots)^ Messrs. Goodyear of Dudley (Stoves), 
Messrs. S. -H. Johjison (Kilter-presses). Messrs. Scott, L(d. (Extrac¬ 
tion Oil Plant), the Unitedr Water Softeners Company (Sharpies 
Centrifuge), and to the Editor of the Oil and Colour Chemists 
Association, who have suppliMblocks^r some of the illustration's 
and usefuVdescriptive details. iLast bufno/least, I y^'b to express 
my indebtedness to my wife M' the labour of type\^itii»g the mass' 
of details inplved m the cjxdqrilation qf the MS. 

R.IJpRRELL 


Wm. w«i tr a iu WTAW. 
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HISTORICAL INTRODUCTION 


Peioe to the !)th Contiiry the term “ varnish ” was applied to a« 
rosiii. The Oxford English Dklionary (H)1C) gives the variations 
of the word<rom the 14tli to the 17th Century : English, vernisshe 
(14th Centjiry), vemi/she (Ihth to 17th Century) ; Old French 
(i2th Century), vernis or vernh ; Middle High Gorman, firn.is ; 
Medheval Greek, liqtnKg ; Spanish, barniz. • 

References to it are described in lb. weight, whilst fluids such 
as oils are stated in gallons. In the accounts for the decoration 
of the Paintiid Cha7nber at Westminster in ^274—77 the following 
items appear : 

'J’o Beymund—17 lb. white load . . . Tls Xd 

24 lb. varnish . . . XIIs 

10 gallons oil . . . . XVIs 

The varnish melted and boiled with linseed oil formed a liquid, 
vernice iiejuida. The Greeks gave to amber the name berenice. 
as they considered IJiat it resembled in colour and lustre the sacred' 
yellow locks of Berenice, Queen of Cyrene (3rd Conlsii^ A.D.). 
Berenice {pheronice, “ who gives vidtory ”) became verenice, vemix, 
and vernis (Median al Latin).* Veronine, or verenice was the common 
name for aniber in the MSS. of the Middle Agesf After the 16th 
Century the word vemix ceased to Ixs applvd exclnsiyely to dry 
resin and was used to denote a fluid compound.* The legendary 
origin of the word varnish as being equivalcn* to amber has* 
been put forward by.some writers, but it does not seem to be 
entirely satisfactfiry, and according to the Oxford English Metionmy 
(1916) the origin of the word is iinkn’own. The Egyptians made 
a good varnish composed probably pf soft redns or oleoresins 
and possibly linseed oil, but without thinners. It is stated by 
some that the Egjptians were entii^y unaware of the oil that 
could be expressed from l\p#of,d. Ilf is possible that the resins 
contained copals fronf the interior of Africa, and since flax 
iras cultivafipd in Egypt the oil most probably was linseed oil. 
The varnish foynd on muijimy case* is in excellent preserva¬ 
tion, and must have l)een applied wfth the fi^er*or with a 
spatula. Many of the softer i^ins from the EaSt, e.g. samjarach, 
mastic, and olibanum, iliust have been available* to the ancients. 

• The feermarfname^or aml)er is bernsUin (Berenice’s ston*). . 
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.The resins were applied in the form of a powder, which wab melted 
by holding a hot iron or torch near them, after which the surface 
was polished by rubbing. The application ot varnish to paintings 
and the polishing of sculpture by mobbing in resins were practise 
by Anclles and Praxiteles. Soft resms such as mastic, sandarach, 
and olibanum were used (the word libanom is found in the poems 
of Leonides, 3rd (Jentury b.c.). Pigments were mixed with melted 
wax and applied in liquid form with a brush ; when cold the surface 
was re-raelte<l to jiroduee an apjjarently enamelled surface, or the 
coloured wax in the solid form, closely resembling wax crayons, 
was ajjpUed to a warmed surface with a tool known as a cauterium 
and modelle/l into shape (Laurie, Materiah of the Painter's Craft, 

' 1910, p. 55). The elle<^t was enhanced by mixing resins with the 
wax to harden it, or by applying resin to the surface and so forming 
a varnish finish. 

Chaucer, “ The Reeve’s Tale ” (1380): 

Wcl hath the inyllor vernysslied his hetsl, 

Ful pkle ho was for, dronken and nat rood. 

The use of oil as, a solvent for resin is mentioned by Pliny, 
“ resina omnia dissolvetur oleo,’’ and, before Pliny, Dioscorides 
described walmit and poppy oil, which are also drying oils. 

The principles of varnish-making in Euroi)e were first put forward 
by Theophilus Presbyter (probably Tutilo of St. Call, lOth-llth 
Century A.D^), who in his “ Schedula Diversarium Artium ” gave 
recipes of standard and well-known technological processes. The 
manufacture 6f an oil varnish is here described for the first time. 
It was made from “ oleum and gum fornis ” by melting the gum and 
ciissolving in hot linseed 'oil, heating until one-third of the mixture 
had bethrsareated off, and adding more hot oil until the proportions 
o{ oil to resin were two to ode. The product was tested during 
the making in much the same manner as now. The resin used was 
amber. The varnish das not thinned, and was applied warm by 
the finger rather than'by brush. In 1388 a similar formula was put 
forward by Alcherius. In 1520 rosin {pica greca or gloriat) was 
mixed with sanllarach and run in linseed oil to give a varnish 
for armour, cross-bows, and arquebuses, anol applied by a sponge 
oi^a piece oPwood, but no tjiinncrs were added. Drdinary varnish 
used from the 9t(\ till late in the 15th Century conskstod of a fairly 
soluble resin—sandarach or mastic, or both, dissolved in linseed 
oil, with the addition, in m^py cases, of a considerable quantity 
of rosin. In 1576* mention is again made of the runnifig of 
amber in oil, a small qualitity ofWl lyung employed at first, 
and aftehvards the rest of the oil was added on the lines of the 
recipe given by Theophilus., It is not until 1750 »that AlbertV 
of Magdebijrg described ^Xe manufacture of an amber linseed oil 
varnish thinned with turpentine. These oil varnishes were made 
Ml a tssry small ^cale, 6 oz. of amlxp- per inelt being used compared 
,>rith 120 lb. of resin per melt nowadays.'' The vahiishes were of 
the lonfA>il class and the driers wAre lead and umbCr (Petitot of 
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Genev#, 1644). The use of driers in vegetaWe'Dils has been known 
for centuries. Galen (2nd Century a.d.) and Marcellus (4th 
Century a.d.) mention the use of lead and umlair in the drying 
(jils. The use of mangan^ as a drier is comparatively recent. 
Faraekiy in the early part of the last century is cnalited wj^h its 
use on purely theoretical grounds. I’he bleaching of oils by sun¬ 
light is mentioned by Dioscorides. Poppy and walnut oils are 
described by him, but not linseed, oil, the use of u'hich is not 
mentioned before ilfctius (Sth Century a.d.). •The medieval 
painters were most candid in the purification of the oils used. 
Water seemed neocssary in the refining of oils, and the two were 
heated together for several days to dissolve out soluble ingredients, 
the mixture then being allowed to .settle and the oil poured 
off. The addition of anhydrous .salts to remove the water brought 
in the uae«of white vitriol (copperas). There is no doubt that 
the use of jihis sub.stance originated from the old custom of refining, 
and the eias.sifieation of cojrpera.s among ‘idriers ” was based on 
a misunderstanding of terms; although in an im])«re state, contain¬ 
ing manganese, it would ueeelerate the drying of linseed oil. , 

The preparation and filling of the woojJ previoms to painting 
as recommended by Theophilus and Onnini (14th t'entury) have 
a close resemblance to the craftsman’s methods of to-day. Jan 
van Kyck’s jiietures (1410) probably owe their durability not merely 
to the colours incorporated with the oil, but to the use of an oleo- 
resinous vehicle such as might be strictly employet^ as a varnish 
over a finished ])icture.. Nevertheless he may not have painted in 
oil and may have glazed* his pictures, begun in tempera, with a 
medium containing some oil to increase their permanence and 
brilliance (Laurie, ioc. rit. j). 375).* Tlte Flemish painters Cu^ 
and Rembrandt are said to have u.sed an oleoresin ' iwaish as a 


vehicle, and the latter employed ifti amlrer varnish. Leonardo da 
Vinci (1015) is stated by Vasari to have used a similar vehicle. 
The use of such oleoresin vehicles madtt a fiilhl vffrnishing un¬ 
necessary; nevcrthole.ss the use of varnish* has again* given place 
to oil, although modern paintings do not cqflal those of the 
medieval masters in durability. The variety ot pigment colours 
is now much m'eater than formerly, and the result of mixing 
varnish with the oil colours is often unsatisfactory. • * • 

Watin ijj 1773 is the first author fo write onjDaint and varnish 
as now used technically. Copal and funber were the two principal 
resins employed, copal being reservf^ for the paler varnishes and 
amber for gold varnishes or those used over dark colours. The 


resins were previously jwea^ad beforefncorporation in the oil, which 
was as pale as possible and well clarified. Turpentine wa#employed 
®as a thinuor, and without it the vg,rnishes are stated not to have 
dried. The smaller the amc^int of oil tljg harder and quicker drsdng 
was the varnish 1 lb. of copal was used with a qu^er or half a 

* Venice turpentine an^ oleo diUkbezzo (the balsam o&the silver {we) were 
used, with 4ittle*admixtu)'e of oils, as media, in the time of Van Eyck and his 
immediate foUowors. • • • * 
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pound of oil. Tho firs® vamish factory was established in England 
in 1790, in France and in Germany between 1820 and 1830, followed 
by Austria in 1843. The manufocture of vamish in America was 
on a compaiatively small scale twciity or thirty years ago,,but 
nowadays it is a serions comjx'titor with England' and Ocimany 
in the matter of production. England and Holland were the first 
to put varnish manufactun! on a technical fiasis. 

Tingry (1803) describes liyc classes of varnishes: two classes 
of spirit varnishes, one class of turpentine varnishes, one class of 
soft co])al varnishes containing oil of lavender as solvent with the 
addition of 2 per cent of camphor, and one cfass of oleoresinous 
varnishes containing copal or amber, linseed or nut or po))py seed 
oil, with turpentine as thinner. The (|uantity of varnish prepared 
in one operation was very small, and Tingry recommends that not 
more than 6 oz. of resin should be incor])orated with oii at any one 
time. Wilson Neil (J. Sor. A. vol. ii. ]>. 49) gave a detailpd account 
of the actual oi)erati((n of melting resin and combining it with 
oil and turjamtioe. The quantities of resin and oil used by him 
in oijc operation were still small, viz. 8 lb. resin and 2-3 gallons of 
linseed oil. For detaijs of the various processes references may 
be made to Mackintosh, Varnish Materiah, vol. ii. p. 118. It 
must 1)0 admitted that progress sinc(' Wilson Neil's publications 
has been slow. The varnish industry has been hampered by 
empiricism, which was largely due to the entire lack of knowledge 
of the properties and composition of the component materials. Tms 
empiricism produced a vast numlier of trade .secrets, which are the 
craftsman’s deKght and the bewildenncAt of the student. Great 
confusion often arose because of inexplicable changes in conditions 
dde to the employment"- of new material. TJhe chemistry and 
physics ni^mish-making are complex, the media are non-aqueous, 
and the chemical changes reqdirc mo.st careful study, especially 
in'the presence of substances of a colloidal nature in media, which 
, have up to the ptesent "been only very slightly investigated from 
a colloid point of view. The superficial properties often seem to 
^ave a remote Qe})cndence on chemical composition, although 
careful research gtadually indicates a connection, the establishment 
of which greatly facilitates tho technology. 

♦lo hiStorK'al introduction can be complete without reference 
to the rise and development of the Chinese and Japaqpse lacquer 
industry. In the Far East,,m China and in Japan, lacquer work 
was known from time immepprial. Though tradition says that 
it was known in Japan as early as the 4th Century b.c., it is supposed 
that the art came originally f#om Chiaa, Ii^ Japan a State ^part- 
meftt for lacquer work existed in 392 a.d., and in the 7th Century' 
lacquered articles were received in payment of taxed. At first* 
its uses were purely utilita^tn. Drinl^g vessels were coated with 
lacquer to render them water-tight, and as tlyi surface was as 
hatd aa glass and’withstood considerable heat, it was used largely 
for cooking and other household utensils. ‘The slow development 
cS thq plater’s art in Japan is considered,to be due to lacquered 
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vessels •taking the place of glass and earthftn-vf^are. The Japanese 
warrior^ often wore leather coated with lacquer as armour ; his 
sword was in a lacqfiored scabbajd ; ho ate off a lacquered tray, 
drapk out of a lacquered cuj;), and rode in a lacquered carriage. 
Stewart Dick, Arts ami Crafts of Old JajMirn states that the e^liest 
examples of lacquered work pre.servcd date from the 6th and 7th 
Centuries, and by the 10th Century some very fine work had been 
produceck In A.n. 1500, CJhincse yiethods w'ore introduced into 
Japan^ and in the l*ith Century the period of the great lacquer 
workers set in. The period of Tokugawa Shogun lyeyasu marked 
tSe highest point A excellence. 

The process of lacquering was long and tedious, the number 
of operations required in the production of a piece of plain orna^’ 
mentcid black lacquer being no fewer than thirty-tlmee ; while for 
the production of one of the more elaborately ornamental pieces 
the numbpr might reach sixty or more. To quote Stewart Dick 
again: “ The most wonderful of all the Japanese arts is their lacquer 
work; and, perhaps, in this more ciompletely than in any other 
medium does the j)eculiar genius of Japan find expression. J2ven 
were the same brilliant faculty of design the gift of the European, 
the amazing and unfaltering precision of hand and the limitless 
patience and unceasing c;are recpiired by the technical processes, 
place lacquer work far beyond his bcoj)o. It is only the Eastern 
who can combine the imagination of the artist with the technical 
powers and steady perseverance! of the ant or the ^e.” To one 
who has seen sjcecimens of the finest work (the glorious lacquer 
of old Ja])an) the words’of the Ercmch critic Louis Gonse appear 
no more than a mere statement of fact: “ Japanese lacquered objects 
are the most perfect works that have ever is.sued from the haifds 
of man.” The traditions of the craft were hereditary, jRsI retained 
in certain families. The Komas "were Court lacquerers for more 
than twp hundred years, the first of the family, Koma Kiui, who 
died in 1663, being lacquerer to the Shogdn lyeftiitsu? Of modern, 
masters the most famous is Zeshin (1807-91 h and his work is worthy 
to rank with hk great predecessors. • 

Modern industrial conditions do not admit o> the same patient 
workmanship—months and perhaps years being expended on one 
article. A quidker dr 3 Tng lac is required, and as a c0hse(fiience*thi8 
has neithen the lustre nor the durability of ancient matbrial. A 
memoir by DTncarville, a French Jesuit missionary of the 18th 
Century, contains a full description^gf the mode of collection of the 
lac. Specimens of really fine lacquer are ravely to be seen outside 
Japan, where they are |re£M*»ed in th# co) lections of the wealthy. In 
England there are a few fine private collections, but in the British 
* Museum a»d at South Kensington only a few small pieces are to 
be seen. Possibly the supjply of factj^ill be increased because of 
its general protective value, and the artistic work will^gain become 
popular in the Western Worli 
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THE COMPONENTS OF VARNISHES 


CHAPTER 1 

DKYINO OILS 

The oils which a varnish maker uses show the property of “ drying ” 
in the air. The diiforonce between drying and non-drying oils 
can be shown by comparison of the behaviour of petrol, white- 
spirit petroleum, kerosene or paraffin oil, olive, castor, and linseed 
oils. If plates be coated wi^h thin films of these liquids and exposed 
to the air for several days, it will be found that the petrol and the 
white spirit have evap 9 rated completely; the kcrosfjne will have 
partly disappeared, leairing a considerable am<jjint of greasy 
residue ; olive and castor oils will be unchanged, but the linseed 
oil coating will hays become tacky and '\^11 finally set to a tough, 
varnish-like film. The petroleum oils contain volatile^,find non¬ 
volatile components at the ordinary temperature, just as turpentine 
oil does, whereas castor and olive oils remain greasy and apparently 
unaltered, but linseed oil becomes viscous «,nd sets to a soft, tough 
film. Olive and castor oils are typical noij-drying oils, and their * 
viscosities change only slightly on exposure to,air. ’linseed oil 
is a typical drying oil. The semi-dr 3 Tng oils \<ill become tackj» 
very slowly, and onlj on prolonged exposure do they yield flexible 
films. • » • . 

The prwrty of drying can bo accelerated, in the case of drying 
oils, by admtion of driers, to which reference will be made in a 
special section. In spite of the vast quantities of linseed and 
other drying oils handled annually, the chanjjis which occur during 
the drying process are not Jqjly undeistood. 

The general properties of linseed oil may be considejpd typical 
of the clas| of vegetable drying oils, and a detailed account of its 
properties, with due consideration’ o^ differences in composition 
and orientation of component atoms, Vill apply toaall the most 
important drying oils. • 

Linseed oil cont^.s the friglycerides of unSaturated fccids of 
the aliphatic series, with eighteen carbon atoms in an open chain. 
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It is of interest to note that no open-chain dr 3 Tng oil of vegetable 
origin is known containing less than eighteen carbon atoms, 
with the exception of the glyceride of isanicuoid (CyHjoOs). The 
majority qi'e open-chain compcmnds, with the exception of the 
oils from chaulmoogra jnd hydnocarfjus seeds.* ' 

' GH CH, 

HC CH(CHj)yGOOH ,:^rt HG-C(GHj)ijGOOH. 


H 


, 1 )—in 


2 H 2 G-GH^ 

Ghaulmoogric acids, GigHjjOj. 


As glyceride-s the drying oils are saponifiable in contra¬ 
distinction to mineral oils, whitdi arc unsaponifiable. They may 
be termed fixed oils in that they cannot bo volatj'ised under 
atmospheric pressure without decomposition. The drying oils of 
animal origin, e.g. menhaden and Ja]raneae fish-oil, cbntain the 
triglyceride of clupanLdonic acid,'* CgjHjjO,, whilst the liver oils 
of certain members of the shark and dog-fish families contain 
winkcene,® GgjHgg, a highly unsaturated hydrocarbon, w'hich 
Tsujimoto * regards ai# identical with squalene, GggHjg, present in 
the oil obtained from the livers of two Japanese sharks, Ai-Zam 6 
and Heratsuno-Zame (vide fish oils).* These hydrocarbons are 
unsaponifiable, and when exposed to qir form hard skins similar 
to those given by linseed oil. Spinaeene forms a dodecabromidc 

GggHggBrjg. • 

A characteristic difference between animal and vegetable oils, 
including drying oils, is that the former contain cholestrol, G 27 H 45 OH, 
probably a terpene of thcj formula,® 

(GHgjgrGH-GHg-GHg-CijHggGH^GHg 

GH2GH(0H)GH3, , 

• which is a component'of the well-known lanolin, whereas the 
phytosteroli? (sito^pterol), GjjHggO, are found in all fats and oils of ^ 
gregetable origin. The recognition and properties of those com¬ 
ponents is a matfer of iniiKrrtance which will be referred to under 
the sectiop on the examination of drying oils. ‘ 


LIS SEED OIL 

Genuine linseed oil contains essentially the triglycerides of 
linolenic, linolic, an^ oleic ftfids, which arc present as mixed 
glycerides of slightly variable composition, depending on the 
source of origin and on the maturity of tht seed from which the 
oil is expressed. The general formula of the glycerides may be* 
• VOL , 

represented ky the scheme GjHj—-OL,, whwe L, and 01 are the 

. . : 

* Squalene contains six double linkages, and gives with hifdrochloric add 
d hexabydfoohloride. 
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acid radicles of linolenic, linolic and oleic *eid8 respectively, and 
whose amounts are variable within small limits dejHjnding on tl<B 
age of %eed containilig the oil. ^The amounts of the radicles of 
saturated glycerides are comparatively small, but their presence 
in finjeed oil is of importahce in connegtion with the sparing 
solubilities of their load salts in oils and in varnish thinners. * • 

Fahrion * considers linseed oil to contain the following acids 
as glycer^es ; , 

* Pt‘r cent. ^ 

LinoleAic acids ... 38 C^HjjCO ■ OH 

lAioUc acid . .« . .30 C,:H.,CO • OH 

Oleic acid . . ' . 16-20 C„H,,„CO ■ OH 

Saturateil fatty acids . . 8 0 C, 7 H 3 £,OOOH and" C^HjiCOOH 

UnsapouifiabU' matter . . 0-0 (atcanc ) (imlmlUc) 

Friend,* after suminari.sing the evidence to'date, states the 
percentage^ composition of littsccd oil to be as follows: * 

* I'cr wot. Par rent. 

Saturated organic acids ... l(f ■ 10 

Oleic acid. 5 6 • 

Linolic acid., 48’3 59-1 

Linolenic acids. 321 21-3 

Glyceryl radicle. 4-6 4-6 

In view of the importange of the presence of saturated glycerides, 
which do not dry and produce sparingly soluble soaps, a few details 
of their identification and estimation arc advisable. * 

I Halhsr,” by the alcohi^ysis of linseed oils from various sources, 
^separated by fractional di.stillation the methyl eaters of stearic and 
palmitic aci^, witl^ traces of arachidi(i agjd. Morrell “ found that 
when linseed oil is heated with lead oxide the solid whicti,separates 
(drying oil bottoms), espceially when the oil is thinned with tur- 
ptmtinc or white spirit, contained stearic and palmitic acids. The 
yield of'the lead salts was 8-2 per cent of the ttalcutta oil taken, 
which corresponds to 6 ptir cent saturated acids. The composition * 
of the mixed acids was summarised as follows k Stearic acid 64 
per cent, palmitic acid 20 per cent, eutectic mixture of stearic* 
and palmitic acids 8j)er cent; oleic acid, 4 per cent; total, 96-4 
per cent. The load salts contained no arachidic acid 4C2oH^02), 

The most important components of linseed oil are the glycerides 
of linolenic? acid (CigHjoOa) and linolic acid (duHjjOj). Before 
giving a brief account of the jwoperties of the acids it will be 
advisable to describe several menfUers of the unsaturated acid 
series so as to obtain some^(^ea of tke funcitions of doubly linked 
carbon atoms in thet)pen chain arrangement on which the con- 
' stitutional Jormulse are based. 

.Oleic Acid Sebies, 

Ordinary .oleic qcid, A #10 octodecylenid* acid (Clf 3 (CH 2 ), 

CH=CII{CHj),CODH), with- its stereoisomer elaidio acid 

• • 
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/ CH3(CHj),-CH\ . 

P II 1 1 iiro th(j best known members of this clp,ss. 

\C00H(CH2),CH/ » 

Five acids of the formula CjgHa^O, have been obtained from 
natural fats, and it is evident that the number of isomers ’^ill bo 
large* as the position of the double linkage is changed. Two 
varieties may be mentioned, viz. iso-oleie acid (CHjlCHjlaCH = 
CH(CH 2 ) 8 C 00 H), m.p. 44°-4f)° C.. and petrosc'lenic acid (CHjlCHj)^ 
CH = (!H(CH 2 ) 4 C 00 H) obtained from parslej seeds, m.p. ;k3° C., 
and yielding an elaidic acid, m.p. .54° C. No member of the oleic 
acid series has been synthesised, although the feport of the Fo(»d 
Investigation Board, 1920, describes attempts that are being made 
to synthesise A910 oetodeeylcni(! and A 10-11 octodecylenic acid 
(isoleic acid). No doubt the synthesis will be accomplished and the 
constitutional formulEc of the acids e.stablished; at present they 
rest on the results of inve.stigations on their decomposition products. 
The investigations of Baruch on the decompositions of the oxims 
obtained from s^earolfc acid, and of Harries and Erdmann and 
Bedford on the decomposition of the ozonidiis, have met with 
success, although the constitutional formulae set forward have been 
challenged as not explaining all the projierties of the acids, especially 
in the case of the more unsaturated metnbers of the optui-ehain 
series. 

Oleic Acid, 9,10, or Bi Oleic Acid; CH3tCHj),CH - CH(CH2),COOH. 

— This acid is of interest to the varnish maker as a minor component 
of linseed oil lind because of the properties of some of its metallie 
salts. In its pure form it is best prepared from tallow which does 
not contain any less saturated acids. The fat Ls sapordlied by 
caustic alkali and the le^id salt preeipitated by lead acetate and 
extraeted^ith ether. The solution of lead oleate in either is de¬ 
composed hy hydrochloric acid,tand after removal of the ether the 
oleic acid is purified by neutralising with ammonia and precipitated 
^as the barium salt by# barium chloride. Barium oloafe is re- 
crystallised from alcohol, and the acid obtained by decomposing the 
salt with tartari(!«or a mineral acid. The oleic acid thus obtained 
^till contains solhi acids, and it has been suggested that the ICl 
compound should be prepared and separate^ from the saturated 
acids by •an organic solvent from which the purified compound 
can be decomposed by aniliife and the pure acid obtained. Oleic 
acid melts at 14'*-16° C., and is probablj' dimorphoilh. On dis¬ 
tillation at the ordinary pressure it is decomposed into water, 
carbon dioxide, acetinacid, ca|)tylic (CgHjeOj) and caproic (CgHjjOj) 
acids, sebacic acid (CioHigO|) and Ijydrocarbons, but it can be 
distilled unchanged in superheated ste&i at 250° C., which is the 
commercial method of obtaining oleic acid from fat^ It is in-». 
soluble in water, soluble in alooKbl, and on exposure to am it becomes 
rancid, givii% oenanthaldeHyde (CjHi^O), formic, acetic, butyric 
and mnanthic acids (OjK^Oj), whiA are also thfe products of the 
fancidify of olive 1)il. Oxidation b^alkaline permanganate ** gave 
fk) peg cAt dihydroxystearic acid (Gj,Hs8(OH)jCOOH)*16 per cent 



DRYING OILS . 


11 


pciargonic acid (CjHuOj), and 16 per cent lAalic acid. If enougj^ 
alkali be present to neutralise only the oleic acid used, keto- 
hydroxj^tearic acid af well as dihyidroxystearic acid is obtained.'’ 

■ '^ho absorption of ozone ^ by unsaturated acids is of great 
importance in elucidating their structural formulm. Harries ” and 
Molinari “ obtainedan ozonide CHg—(CHj),—(M—CH(CH 2 ) 7 C()OH, 


• f ^ V-vy-w 

which is a yellow oil easily soluble in benzol asjd chloroform, 
Harries' maintains that under certain conditions porozonides 
(t'fsHsdOe and CiglfMO,) .can also bo obtained. The ozonide is 
decomposed by water to give nonyl-aldehydc, nonylic acid, the 
semialdehyde of azelaic acid, and azelaic acid. 


* G 

CHatCHjijCHO )OH(CH2),COOH HOOC(CHj),COOH 

» O'^ 

Noiiyl-iildoliydc. Spinialdehydc of azclulc acid. • Azelaic acid. 

• 

Glacial acetic acid will also cause the same decomposition, Jbut 
if an alkali be jwesent the aldehydes are o:^dised to acids by the 
sodium peroxide formed. I'he ozonides are saturated substances 
wliich do not decolorise bromine, but they are oxidising agents and 
liberate iodine from potassium iodide. The position of the double 
linkage in the oleic acid moleeule, demonstrated by the decomposition 
of the ozonide, has been confirmed in another way by Bajuch (loc. cit.), 
who transformed okfii! jieid into dibromostoario acid, which on 
treatment with alcoholic ^lotash gave stearolic acid CH 3 (CHj),C 
= C(CH. 2 ) 7 C 00 H, and on treatment with concentrated sulphuric 
acid gave keto.steary; acid (1H3(CH2)7C0 -GH 2 (OH 2 ) 7 COOH. Ketd- 
•stearie acid forms with hydroxylaniine two stereo-isomcsic oxims, 
which are dceomposod by sulphuric and hydrochloric acids 
successively according to the following scheme ;— 


CH3(CH,),C!—CHaiCHjljCOOir CHa(CHj),C—CHj(,CHj),( COH 


HON I 


by cone, sulphuric ocid 



CHjiCHjljNHOO • CHj(CH,),COOH. CH.(CH,),CO • NHClH(CH,),COOH 


C,H„NH, 

oetylaminu 

and 


by cone. HCl. ^ 


4 


CH8{CH4),000H 
^ Honyllc acid 

and 


COOH (CH,),COt)H ’ NH,(CHs),COCW 

Bebacic acid. aiuiuo-nonyllc acid. 

Therefore the double linkage in ttje chain lies between the 
C, 9 and C, 10 atqpis. * 

Just as oleic acid unites wth two atoms ofj bromine ^ give 
dibromosteariu acid, so it can be made to unite with two atoms of 
hydrogen to*give solid stearieweid, using a nickel catalyst by the 
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well-known Sabatier’s* process or at the ordinary temperature by 
Colloid platinum as( catalyst. Oleic acid dissolves in concentrated 
sulphuric acid to give (li 5 H 35 (HS 04 ) 02 , whi8h on treatment with 

boiling water gives hydroxystearic acid tdgether 

with an anhydride of that acid. 

Fusion with .solid potash ^yiejds palmitic acid, as ia the case 
of elaldic acid, which is the product of the action of nitrous acid 
and is the isomer of oleic acid. 

The olcates of interest to the varnish makef are (1) lead oleate, 
m.p. 45“-50°.0., soluble in ether, but not so completely as to allow 
of separation from saturated acids ; it is soluble in jKdroleum 
ether and does not occur in varnish bottoms. Lead oleate may 
also bo used as a drying catalyst in oil varnishes. (2)> Aluminium 
oleate is gelatinous, sparingly soluble in ether, jaitroleum ether 
and benzine, and is ysed as an oil thickener. It is insoluble in 
alcohol. (3) Barium oleate is insoluble in water, but soluble in 
a mixture of benzol and alcohol containing .5 per cent of 95 per 
cen? alcohol, from which it can be crystallised on cooling the 
solution.^ * 

Elaldic Acid.—The action of nitroms acid on oleic acid yields a 
stereoisomeric crystalline modification of the formula— 

CH2(CH2),CH 

il 

OOOH • (CH2),Clf .• 

Elaldic acid crystallises in plates melting at 44'5° C. and can 
1*3 distilled under reduceckpressure (b.p. 234“ (1. mm.). In chemical 

propertie»it closely re.sembles oleic acid ; on reduction it yields 
stearic acid ; on oxidation the'products are dihydroxystearic acid 
Oi 8 H 340 j(OH )2 (m.p. 99“ C.) 33 per cent, pelargonic acid_ [C^HijOj 
nonylic acid] 13-44 per* cent, azelaic acid 26 per cent, and oxalic 
acid 15-20 4 )er cent. •The action ot fused caustic potash and of 
concentrated su^jihuric acid arc similar to those observed with 
oleic acid. The4bariuin, lead, and silver salts are sparingly soluble 
in ether. . 

The Rction of nitrous acid on unsaturated f&tty open-chain 
acids i^ restricted to the leSs unsaturated members, ^nd acids of 
the linolic and liifblenic seri^js do not yield modifications. 

LiiJouc A^n Sekiks, CigHjjOj 

There^re a number of acids having the formula CigHjjOj which 
contain two doubly linked p^irs of carbon atoms a#d one acid* 
oontainiM a triply linked* pan of ^rbon atoms (taririo acid,* 
CH 3 (CHj),„(?= C(CH 2 ) 4 COCfH.”- The two most important members 

^ T*riric acid i* obtained from the\il of the (^eeds of^the Guatemalan 
■ ^ Tariri.’V It absorbs four atoms of bromine and yields stearic acid oh 
reduction... 
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ire linolio acid and elseostearic acid, which %ccur as glycerides ii^ 
jertain oil seeds. Ricinoleic (CjgHajOj) and ricinelaidic acids are 
transformable into soltd modifications of an acid 

UnoUC Acids.—^Thc glycejide of linolic acid occurs in con- 
MderaWe proportion in drying and semi-drying oils, and is qjost 
readily obtained from poppy seed. Soya bean, maize, cotton seed 
ind sesame oils by brominating the mixed fatty acids, purifying 
the tetrahromide by^ rccrystallising, from jsitroleum ether and 
reducing it with zinc and hydrochloric acid in methyl alcohol 
lolution. The methyl ester of linolic acid is saponified in the cold 
ivith alcoholic caustic potash and the acid libi'rated by dilute 
hj'droehloric acid. The glyceride of linolic acid is prirsent also in 
X large number of non-drying oils and fats; ef. lard, horse fat, etc. 

Ijinolic acid is a licpiid with a specific gravity 0'9026 at 18" C., 
b.]). 229°-23B° 0. at 10 mm. It is soluble in alcohol and in ether. 

With nitrous acid it yields no solid isomeride. Linolic acid 
absorbs oxygen as a thin film and is converted within a few 
days into a solfil resinous .substance, passing to»a neutral body 
(a linoxyn), which is in'solublo in ether. The tetrabromide, 
m.p. 114°-11.5° f!., is obtained in two ft^rms, one soluble in 
petroleum ether and the other insoluble in that licpiid. Rollett 
obtained a 50 per cent yield of solid teteabromidc and 50 per cent 
of the fluid variety, which furnished on reduction an acid yielding 
a crystalline tetrabromide •(m.p. 113“-! 14“ (.1.), but only to the 
extent of 26 j)er cent of the calculated yield, f^e concluded 
that two isomeric bronui-aidds were formed in the bromination. 
On the other hand, Redford™ maintained the existence of two 
isomeric linolic acids. 

Oxidation by pc(fassium pennanganate yields sativic acid (tetrsf- 
liydroxystearic acid, CigHjgOj). » 

Rollett (loc. cil.) obtained a 40 per cent yield of a tetrahydroxy- 
acid (m.p, 155“ C.) which on boiling with benzene and reerystallisa- 
tion from alcohol gave an acid (m.]). 171°-1T3“ C.).' He’maintained 
that two isomeric hydroxy-acids are produced in the oxidation. 

The constitutional formula is put forward as • 

CH3(CH2)4C,H - CHCHaCH = CH(OH2),COOH.2> 

• • 

Linolic acid is easily reduced by hyUrogen and a nickel catalyst 
to stearic amd. The calcium, barium,/inc, coppfer, and lead salts 
are soluble in ether ; barium linoleate is soluble in benzene and 
light petrok um (cf. barium oleate). "The methyl ester is a liquid 
(b.p, 211“-212“ C. at 16, mpj.i! s.g. 11*° 0., 0-886), and is obtained 
from the tetrabromide* by reduction with zinc and hydrochloric 
koid in metl^d alcohol solution. 

Elasostearlc Acid, CH3(0H:^0H = (!H(£!Hj)jCH = CH(CHj),COOH, 
dcK'S not occur in linseed oil, but it*can be obtailied in two 
stereoisomerio forms (m.p. 48° and 71° C.) front tung oil. Both 
modifications give a tetrabromo acid (m.p. 114°-1.15° C.) which is 
not identical*with the tefirabroKio acid from linolic add.^^ 



14 


VARNISHES AND THEIR COMPONENTS 


JjINOLENIC acid series, Ui,t^UUUli 

Llnolenlc Acid.—^This acid was first prepared by Hazura “ .from 
the crystalline hcxabrpmido (m.p. f77° C.) obtained fromjinseed 
oil.* By reduction of the hexabromide with zino and hydrochloric 
acid Hehner and Mitchell.^^ obtained a nearly colourless oil (s.g. 
0-9228, 15-5° C.). It may also Jbe prejiared by boiling.the hexa- 
bromido with ^zinc and alcohol, or by reduction of the ethyl ester 
of hexabroinolinolenic acid and saponification of the resulting ethyl 
ester. The acid boils at 1,')7°-158° C. (O-IKH tnuT.) (Bedford) withSut 
deeompoaition, or at 2,30°-232'’ (!. (17 inni.).^^ 

As to the'oxistencc of «- and /f-linolenic acids the evidence is not 
conclusive, although there is a tendency to accept their presence 
in linseed oil. The physical projierties of the two a*.ids are not 
sufficiently differentiated as in the case of oleic and elaidie acids. 
(Controversy between Erdmann, Bedford, and Rollett is due to the 
fact that linoleiyc acRf from linseed oil yields only 25 per cent of 
hexabromo acid on rebromination and 77 ])er cent of a tetrabromidc 
of p-linolcnic acid. Rollett maintains that the tetrabromido of 
/J-linoIenie acid is uiwUturated and yiidds a hexabromide on further 
treatment with bromine. On bromination of linolenic acid four 
broino-addition ywoducts could be obtained, and if one only be 
crystalline then the 25 per cent yield ((< accounted for. Erdmann, 
Bedford, and Raspe^* state that two ozonides are obtainable from 
linolenic acid, produced by the reduction, of the crystalline hexa¬ 
bromide, which are differentiated by thes- velocity of decomposition 
with water. 

• Linolenic acid is a,colourless licpiid soluble in ten parts of 
light pet 4 )leum, absorbs oxygen readily, and manifests a tendency 
to- polymerisation, although definite proof of this is not forthcoming. 
The methyl and ethyl esters boil at 207° 0. (14 mm.) and 1-32° C. 
(0-001 mtm) respectively. The melting-point of linolenic acid 
hexabromide is 177°-^82° C. (185° C., (loffey), and the melting-point 
of its ethyresterjs 151° C. Iodine and bromine trichlorides react to 
‘ give trichlorotri(pdo, CuHjnOjIjClj, and tribromotriiodostearic acids, 
CjgHjoOoIaBi'j respectively (m.}). 146° C. aijd m.p. 124°-126° C.). 
Combination with hydrogen to give stearic acid Is brought about 
by a nickel catalyst to gi\% a quantitative yield of stearic acid 
(Erdmann and Bedford). The ozonides on decompWtion with 
water give propionic aldehyde, malonie. acid, and the aldehydes of 
malonic and azelalc |cids, and it is on these decomposition products 
that the constitutional formula of lin#)jnic acid is based.” 

CHg • CHg • CH = CH • CHg - CH - OH • CHg • CH = CH(CHj),COOH.* 

* 

By oxidation with potassium permanganate Hazura obtained 
txo hexahj^-ostearic acids, linnsic and isolmusfp, which fact does 
tiot support the ^stence of the a- %Dd /8-acii|, because either form 
6f the scdcalled a- and ^-linolenic acids -vdelds linusid and isolinusio 
acids on,oxidatfon ^Rollett). 
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Tho basic zinc salt- | OigHjoOaljZn-f JJSiO (in.p. 72°-73° C.l 
used byJGrdmann ^ for the preparation of a pure acid from linseed 
oil acids by fractional crystallisatkiri from alcohol has been found 
by Coffey to be unsatisfactory, as it does not effect separation 
from Ihiolic acid. ^ 

The lead and barium salts of linolenio acid are easily soluble 
in ether. Like linolic acid, no isomcride is obtained on treatment 
with nitrmis acid. 


Oxidation of Linseed Oil 


From tho general properties as indicated by the constitutional 
formulio of the component glycerides it is presumed that oxidation 
will proceed in stages, when-by a moUiCUle of oxygen becomes 
attached iShoic there .is a double linkage. The absorption is 
gradual, apd depends on the eomlitions of temperature and of 

0-0 

I r ■ 

illumination. Peroxides «f the tyixi C—(' an; formed primarily 

II ' ‘ 


from linolcnic and linolic acids, so that m linoleum there are 
glycerides of di)X!roxylinoIenic and )ieroxylinohc acids. A similar 
addition of oxygen may be illustrated in the oxidation of 
dimethylful vene 


CH=OH^ 

I 



CH 


3 

3 


VH 

cr/ I \ 

+ 20j-- !i 0 

cu 


)A/ 


CH, 

CH,’ , 


\yhich of the double linkages absorbs oxygen first is not definitely 
Imown. • In China wood oil the double linkage, nearest tho COOH 
grouj) is )irobablc, although Ingle states that the doubly linked ’ 
carbon atoms in proximity to tho COOH groups may be prevented 
from absorbing halogens from a strongly acid solution. 

A complete examination of the oxidation stages of drying oils 
is much wanted. If the glyceride of fi- elseostearic acjd were 
made thi' starting-point it would be possible to follow the different 
stages satisfactorily. Tho glyceride is a monomolecular crystalline 
substance, which is oxidised with greiit rapidity. On exposure to 
air it yielded a substance, (CjgHjjO,, OjljtaH,, which could be heated 
to 230° C. without melting. , It is a, peroxide, yielding hydrogen 
peroxide when boiled .with water with the formation o| a yellow 
substance of spongy texture, and liberating iodine from potassium 
iodide and ^lute acetic acid. Tho action of water may bo repre¬ 
sented by the scheme: ' . » 

33 
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Oo -f HoO — 


CH 

I 

-CH 


0 -(- HoO, 
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The oxidation of (irying oils in air is a case of autoxidation ; 
a” terra which is applied to processes of combustion in oxygon or 
air which take place at the ordinary temperature andproceed 
; with slow but measurable velocity ipider these conditions. Well- 
known cases are found- in the combustion of phosi)horu 8 ,an the 
oxidation of certain liquids, r.g. lainzaldehyde, turpentine, in the 
conversion of sulphites of sodium and zinc into sul]jhates, and in 
the corrosion or rusting of majiy<auctais, e.g. zinc and irmi.^ The 
changes oocuramg .subsequent to the formation of peroxides may 
be numerous, and have beem the subject of discussion by many 
investigators. In addition to oxidation, polymerisation may occur. 

Fabrion ’'5 suggests a linkage, up of the. molecules through the 
remaining unsaturated carbon atoms. 

0-CH—CX—(!Y-CH. 

Mill )o,. 

0--CH OX—OY—(!H/ 

Ingle “ consiilers that polymerisation during oxidation rests on 
insufficient evidence. The recent work by Stobbe and Diinhaupt 
on cyclopentadicnc, ^which is transformed on oxidation into 
diperoxidc dimeride, supports the polymeri.sation view. 

OH—OH , 0-CH --OH—OH—OH-, 

II \ “^ I I J i \ >02. 

OH •.OIL - OH ‘ 0 • OH • CHj•‘OH-OH• OHj• OH^ 

Such polymerisation is slowei- than the oxidation. The wuitcr 
has shown in the case of oxidised Ohina wood oil that polymerisation 
subsequent to oxidation actually occurs.®* 

* Wolff ** maintains that in the (^ase of oil vapiishes on exposure 
to light oh short wave-length oxidation and poljmierisation proceed 
at-nearly equal rates, whereas in light of long w'ave-lengths poly¬ 
merisation is retarded more than oxidation, vdth the result that 
inequality ot the buter and inner laj-crs occurs with the production 
of rivelled ,-films. Polymerisation is of great importance in the 
consideration of '^durability and water-resisting power of oil films. 
The table on following page shows the percentage of other-insolublp 
linoxyn obtained from several varieties of drying oils. It is evident 
that the flnoxyn produced from polymerised oil is gteater in amount' 
and the film is more water-resisting than that obtained from 
ordinary linseed (fil. There, is evidence of differences between the . 
action of lead and manganese as driers which will be referred to 
under that section, o'' ' ■ 

H. Wolff “ has found thal the interior md exterior layers of a 
compact block, formed by soaking thin tissue paper in linseed oil 
and pressing together and allo,wing to dry, when exa;nined show*^ ' 
nearly equal iodine value^' although(,the proportion of oxidised 
fatty .acids ^ the outer layers was con 8 ideraJ)ly higher. The 
phraomenon is probably due to ra^id oxidation of the oil on the 
outer laj»r 8 simultaneously with strong jwlyjmerisation in ^6 , 3 ? 
inner layprs. More prolong drying ^minishes thfe diffiwfeBbq'T 
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TABLE I 

Watee-^bsobttion opJ5bying On, Films after Treatment with 
Light Petroleum and MlnHYLATED Ether 


^ • 

• 

Time of 
Air 

Drying. 

Treatment 
with Light 
Petroleum. 

3 days. 

« 

S . 

O' U a eft 

as: 

H iSfu 

'St 

et 

«« 

Per cent, 
{.inoxyu. 

. Water-lmraerslon. 

Pur cent gain. 

• 

1 day. 

2 

days. 

4 

days. 

8 

days. 

• • 

Linseed oil 

l»b and Mn pR'sent 

IfiO days 

^ loss. 
3*8 . 

• 

unihatiged 

% loss. 
35-3 

1 

(»■!) 

23-8 

111m 

Wllltf! 

• 

29 () 
Him 

WllltP 

33-5 

Aim 

wliite 

52-9 

liltD 

white 

Llnsred oil 

Pb and Mu present 

30 days 



60 .^) 
63-4 

39*5 

37-6 


3 clay 
2l*6l 
32-5; 

(Urn wh 

te 

Lltbograpliie oil 

Pb uml Mu present 

30 days 



■10 7 

59 3 


3-4 fllm^whlte ’ 

Lltbographiu oil 

Mu jircsent 

30 days 

, 


4G-4 

53 .5 


^16*2 Aim milky 

Linseed oil 

Pb and Mn present 

Vi lirs. 


• 

68-8 

31-2 

IH-O 

Itlm 

cbmdy 

5 days 

23 Him white 


between the layers. I’here is evidence in the speeific action of 
cert'aiu metals in the drying process wliich favours promotion of 
a similar polymeiising action or of changes indicated by Rochs in 
his formuliB for the oxidation products of drying! oils. Stransky 
puts forward the oxidation process as occurring in two stages : 
(1) oxidation ; (2) coagulation of oxidised oil from the fluid to 
the solid'form. (Joagulation and polymerisation are related, and 
to produce the complete solidification of the filin prgmoters and 
catalysts are essential. This view will be referred to later in the 
discussion on the action of metallic driers. , • 

It has been suggested that the primary peroxides may react 
with molecules of unoxidised oil to give oxides A 02 + A = 2A0 or 
AOj + B = AO + B(I (where B is another drying oil; e.g. the glyceride 
of linolic acid). Fokin “ considers that the primary pfodiAt of 
RCH—CHR . 

the oxidation is an oxide \/ , whereas OrlofE^® suggests 

• O , 

that linolenie and linolic glycerides yield on oxidation respectively 


CHj • CHj • OH—CH • CHj ■ OH—CH • CH^ • OH-CH(CHj),COOR 
\/ t •'K/ ' \/ 

, 0 ’ 0 , 0 

and CHjtHj • OH—CH • GHj • CH-CH(CHj)ioCOOR. 

\/ • \/' 

'0 ^0 

These formiflse do not account for the presence of unsaturated 
carbon atoms* in linoxyn, ^ince glycerides of diperoxylinolenic acid 
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are stated to be prest^nt in linokiinii.^ The triporoxylinolio glyceride 
has not been identified,^'’ although''it may represent the antocatalyst 
formed (fnring the oxidation of linseed oil iff the absence of catalyst 
(driers), and it would ajipear as if the diperoxylinolenic acid glyceride 
were the maximum grade of'oxidation which can be klentified 
among the oxidation pioduets'’of linseed oil* The evidence of the 
formation o'l |)ei oxides is generally admitted, as well as their presence 
in linoxyn, which must be considered as a eomi)lex''of oxidised 
mixed glycerides. With n^gard to the subsequent changes in 
linoxyn thi're is no eonsensus of agreement., The possibilities are 
very iiiany, comprising acids, aldehydo acids, substances with a 
definite acetyl value and volatile jwoduets.'*'* . 

0 A'H—CX CY—CH—O 
AO,,+A-2AO. 1111 I 

(> CH-CX- t:Y~CH—o. 


The last change is very ])robable, and is .shown markedly in the 
oxidation of’China wood oil. It pi'obably occurs side by side 
with the formation of an oxide of the type AO. Which of the 
two changes occurs depends on the conditions of the oxidation and 
on the nature of the proraoler (drier). 

tialway; suggests that linoxyn consists of olein and polymerised 
aldehydes derived from the deeohiposition of oxidised linolin and 
linolenin (glyceride of linolenic acid), and presumes for linolenic acid 
the constitutional formula of a derivative of hexatriene to account 
for the presence of acrolein and oxides of carbon among the volatile 
oxidation products of the oil. 


CH,(CHj),—CH = CH—CIT = CH—CH = CH • (CH 2 ),CO()a((’jTI,): linolenin. 

:-GH—CH = CH—CH‘ diperoxide of 

• 1=1 I : I linolenin. 

. OyO j 04-0 


e CHO-CH^CHOHO 

acrolein _—- | 

(CHj:CH-CHO)„ CHOCHsCH -COjH/CHOX 
sod CO j (,CHoj 

(CHj=,.CH-CHO)„-l-CO,. 


De Waele {loc. cit.) considers that linoxyn consists of peroxides 
with polymerised atdehydo^glycerides. 

The eonstitutional formula of linolenin rests on the work of 
Raspi* and Erdmann, and Salway’s suggestion requires rearrange¬ 
ment of the double linkagek during'-tko p^cess of oxidation. The 
writer fevours the oxidc-formation-with-polymerisation proceeding 
simultaneously with the decomposition of the jtsroxides into 
simpler substances of an acidic and ^idehyde character.^ 

In order to obtain more information on the: secondary changes 
it is,, advisable* to consider the ^-change in w'eight when linseed 

* See pAge 33. 
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oil absorbs oxygen. If a layer jf linseed oil, 0-1-0-2 gram per 
100 sq. oiMs.i be ,spread,on glass, the maximum gain in weight at 
the ordinary temperature is 19 percent of the weight of the oil 
taken. LipjK'rt™ states that witt^ a normal limsoed oil the film 
must be* dry at the attainment of its maximum .weight. If the 
film be wrinkled or if drop-like aggregates be visible, impurities 
are present, Jue to adulteration with rosin or foreign seed. If the 
ex|X'riment be carried out in an atmosphere of dry air, the time 
foi- attainment of the maximum weight will be, reduced. The 
rate«of absorption de^wnds on the tem[!erature, atmospherie con¬ 
ditions, and on the ])res(mee of catalysts. It is slower in a moist 
atmosphere than in a*dry. The absorption is accompanied by a 
decomposition due to the degradation of the jicroxides yjrevioualy 
referrtsl to. The decomposition products comprise volatile sub¬ 
stances; e.g. carbon dioxide, water, formic and acetic aBids, acrylic 
acid,“ acrolein, (' 3 H 4 O, and butyric acid.'’’ (Carbon 

jiionoxide has Ixsui stated to be pre.s(!nt by s(mie investigators.’* 
Klein eriti(!i.s(w the expeiimeutal work, although Kinj*’* maintain.s 
its presence. It may be’considered that if carbon monoxide bo 
formed it is only in quantities insufficient to have any toxic action, 
whereas the aldehyd(; vapours are bactericidal. J'lxperienec at 
linoleuin works in the oxidising jsheds has shown that the vapours 
evolved during the oxidation of»linseed oil have no toxic effects 
on the workmen 

Moisture and soluble ferments cause hydroly.sis, and the free 
fatty acids prodms-d arc oxidised in the air, yielding decomposition 
products, some aeidio, some aldehydic (cf. the odour of valerianic 
aldehyde from China wood oil). In rancid cotton oil 0-6 per cent 
free and 9 -8 per cent combined azelau; acid have been foimd.’“ 
Rancidity of oils is also the result of an oxidation process with the 
production of volatile aldehyde substances. , * 

The quantitative relatious between increase in weight oj film, 
volume of oxygen absorbed and time, as well a.s the influence of 
moisture, have been investigated by a number of workers,'” for 
whose results see f'riend {Chemistry of Linseed Oil, p. 46). The 
relationships aro shown in Pig. 1. • • 

According to Lippert, at the point C the oil is diy, anij setting 
occurs between B and C. The position of 0, as to gain in weight, 
varies from llper cent to 25-6 per cent (Wilsongind Heaven show 
18 per cent). The point 0 represents the point of equilibrium at 
which the gain (p weight is approxinmtely equal to the loss in 
weight duo to escaping vapours and gases. Any factor assisting 
or retarding the removal oj the ftSdation products will proporyonally 
Itfrer or raise the position of the point C.™ The graph in Fig. 2 
shows that th^weight of oxygen absoifaed is much greater than the 
gain in weight on oxidation. * _ 

Genthe {he. a'f.f found that linseed oil could qjisorb 22-6 per 
cent of oxygen, yn llviol light 25^ per cent, whilstlat 95° C. 26'8 
per cent (in airj and 34'7 per cent .(in oxygen). 

The following Table show#,the changes in weight, density^ %nd 
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volume, when thin films of linseed oil are Ipread on, glass and 
allowed to oxidise at the 16“ 0. :• 


• 

For f^iit 
Increase 
in Weight. 

4)enslty 

()’. 

Density 

atlO’C. 

Coeffleient 

<it 

Kxpaimion, 
► (F-K)" 

Per cent 
Increase 
in Voliinio 
at 

• 

Kaw oil ... . 


0*94208 

o-9;ii79 

0-00074 


Haw oil liquid . 

2-08 

0-9690B 

0-94850 

0-00074 

0-28 

Kf^w oil’liquid . • ^ . 


0-9873(i 

0-97690 

0*(R)074 

0-87 

Tiiiuk Irotfiy liquid . 

»•«() 

1-01161 

1 •00123 

0-0069 

20« 

'J’aokv .... 

14U 


1 0424 


20 

.lust set . . . * . 

i7:u 


1 -0582 


3-8 

Solid linoxyn 

17-9(1 


1-06,56 


3-1 

„ „ at max. wt'ight 

Tliree months okl . 

18-57 


1 -0902 


1-4 

io:t 


1-1054 

• 

• 7-0 





FiOk 3.—^Perc^ntagc alteration in welglit of oils at *00111 temperature. (Friend.) 


Under the particidar conditions of the experiments the raw oil 
on setting at 15° C. expanded by 3-3 per cent and then slowly 
contracted. ‘The maximum apparent increafe in weight was 
18'57 XJer cent, but the increase in volume reached its maximum 
at the setting point. Whether any su(Wen contraction or expansion 
occurs at the time of setting i^nnknown. 

Sabin found thatfa filih of raw oil gave linoxyn o4 density 
<•098 (assuming the density of the original oil to have been 0-9332) 
with a total gain in weight ^f 2 pdr cent, so that the shrinkage 
.must have been 13-4 per centt , 

Any factor assisting in the (Jecomposition of lie oU lowers the 
maximum of the increase in weight and reduces th» expansion. 
Sabin (Zoc. eit.)'md Gardner®" found that linseed oil, when 
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mixed with chemically inert powders such ai barytes and silica, 
oxliibits a smaller increase in weight on setting, so that the jwwders 
assist catsllytically in tlfe deeom[)()sition of the peroxide compounds. 

It is advisable to refer again to the view as to the fate of the 
peroxides. The transformation »f AO 2 + A into 2AO proceeds 

—* XO * 

•simultaneously with _XO’ ‘Molecule is 

disrupted with the formation of volatile products, loss in weight, 
and^lossun body and lustre. It will be evident how su«h a factor 
as polymerisation or the use of “ stand oil ” will retard the loss 
in weight and loss lustre, and how certain driers will favour 
the eours(! of the change in one of the two directions. It would 
be of interest if more figures were available for the changes in 
weight and density when 2 u»lyiueri.s<!d oils (in the presence of a 
small ([uantity of catalyst) are exiiosed until the setting and drying 
j)oints are reached.^* * 

h’ig. 3 show's the percentage gain in weight (apparjmt) of drying 
oils at room tcTiiperature', and Figs. 4, 5, and 6 show the influence 
of tempf'rature on thi! jK-reentage gain in weight. 

Fokin found that the rate oh setting of linseed oil followed 
Spring’s rule in that it was doubled for every 10° 0. rise in tem¬ 
perature. Moisture retards the’((inie of setting. , 

luiLunMC'E 03' Moistujie on the Oxidation of Linseed Oil 

The influence of moisture on the setting of oils is of importance, 
and will be referred to again under the drying of varnishes. 

Gardner has investigated the changes in ihe weight of oil 
films, containing 0-2 ])er cent metallic ojdde as cataly.st, exposed to 
moist air and to dried air in a sjx'cial apparatus? The.resulja show 
that in every case there is a great inerea.se in weight during the 
fu'st twenty'-four or foi'ty-eight hours. The films dried ii* moist 
air almost invariably showed a gain in twenty-four flours which 
was equal to that^shown by the same films in ilry air in forty-eight 
hours ; this gain w'as followed by a deereaa^, in some cases amounting 
to moi'e than the original gain. Still later, and in the inajoAty of 
cases, the weight increased again, and "a second •maximum was 
reached before the oils settled down to constant weight. The 
second maxftnum was particularly noticeable* in those cases in 
which drying took place in a humid atmosphere, it being often 
greater than the first maximum. Id diy air the second rise is 
usually slight and sometimes i»itirely lackhig. The final hardening 
of the film is reached lilore quickly and directly in dry ai» than in 
%D. atmosphgro saturated with moisture. In the jiresonee of 
moisture there is a second ris# in the weight time curve. The first 
decrease in weight^is due to tfte deoomjiosition of perosaides and the 
esca^ of volatile products re8i|lting therefrom. •The second rise 
in the curve is* due,to. a reaction of the glyceriddh and water (see 
Figs. 7 and 8). 




Fig. 6.—Percentage of oxygen absorbed by linseed oil. (Wilson and Heaven ) 
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The water taken up in the secondary peri^ is chemically com¬ 
bined, sii^ce it is not given up wMm expWd to dry air. The second 
decrease is held to be aCcounted for hy the decomposition dt glycerol 
into volatile decomposition products. 

The»writer considers that undfej; ordinary conditions oil films 
absorb water and that this absorption proceeds efuring the setting 
and beyond, diminishing as the linoxyn increases during tile oxidation. 



Fra. 7.—Lino|fate dilBis (moist cabinet). No. 18, A1 linoleate : No. 23, Zn llnolcato; 

No. 41, Co linoleate ; No. 47, Fb linoleate. 

• 

The second decrease may be accounted for by the gradual decom¬ 
position of peroxides ac^rdia^to the schemes already referred to. 

^ De Waele gives curves representing results obtained by 
plotting variations in weight shown* by variously treated linseed 
oils on exposure to air, the Atmospheric conditions being simul¬ 
taneously plotted on the graph (Fig. 9). 

It will be noticed that the i^o series of observations, viz. in 
light and in darkness, although ageing in the direction of the path 
of the curve followed by thg^individusil oils examined, cliffer very 
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materially. A fairl^ close connection c.vists i)ct\veen the inverse 
of lh<‘ ))ressure of the water vapoifr and the light eonditions, whilst 
the flarlduMs eonditions follov* more closely the relative humidity 
readings. The coincidence of the paths followed by the different 
oils occurs after the eomplction'of the finst induction period. The 
relative .stability'of polynierise’d oil is shown by the steady upward 
tendency a^d closeness of the ordinates at the 53rd and 133rd day 



Fia. 8.—IjJnolcate driers (dry eahliict). Ko. 34, A1 Ihioleate; No. 37^ Zn liooleatc; 

41, Co Uiioloute ; N<i. 43, l*b linoleate. 

period.s. The conclusions Brawn by the author from the labove 
curves that the periodic variatioi* in weight are caused by two 
factors ^;omposing the atmospheric co*nditi()ns : (1) the decomposi¬ 
tion of the primarily formed peroxides is initiated by moistur#,' 
and (2) equilibrium condition^, i.e. dficomposition v. back pressure, 
are attain*! by interpretation of the latter as pressure of water 
vapovir. « % 

t The retardation of oxygen absorption of linseed oil in the pre¬ 
sence of moisture is also described bv Bories and Glenthe (lot. cit'd 
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FiO- 9 ._Change In weight ol linseed oils under different atmospheric and light conditions. 

t • • 
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iThe effect of stoving a linseed oil film at 100” C. is to increase 
the water-resisting power by increasing the amount (rf linoxyn 
and by aCceleration of polynierkation during the drying., fViend has 
found that a film of linseed oil dried at IS” C. absorbed five times 
as much moisture as a similar'film previously stoved at«100° C. 
He states that t'he painting of wrought iron while it is hot gives 
a much mo?e effective protection.^ 

lN]?LlIBiNCB OF LeOHT ON THE OxIOATION OF LlNSEEH OlL 

» • 

' Oenthe “ showed that the absorption of oxygen by a linseed 
oil film was greatly accelerated by exposure? to ultra-violet light.^ 



Fig, 10.—Linseed oil in light froin mercury l^p. 


In tEe dark the oxygen absorption was observed on the 20th day 
and the maxirtum was rfiached on the 50th day.j 

The curves in Figs. 10 and 11 show the relationships between 
time and decreaseein volume when oxygen is absorlfed by linseed 
oil under different conditions of illumination. The results indicate 
that the accumulation of oxidation products in the system does not 
interfere -with the general epurse ofibe reaction. 

The* form, of the curves is in kecpin|: with an autocatalytic 
reaction (Ostwald), and can Ije expressed by the equation 

i * 

yrhere a=total volume of. absorbed oxygen a: = Volume absorbed 
at ( (days); jn is a constant, proportional to the concentration 
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of the catalyst; or if m be negligible, then the equation assumes 
the simple form , 

J = K*(a-a;). 



Prom the vyriter’s own experience of long exposure of varnishes 
to the action of light from a mercury vapour lamp (three hundred 
hours), it is quite evident there is a marked differenc| in the 



>f*ercentage oxygen absorption 
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(liininution of luKtrc of the coatings containing different anionnts 
of polymgrised oil. The coatings containing small quantities of 
the polymerised oil he'eome poor and develop fine cracks, whilst 
the films containing larger amount of thickened oil retain their 
lustre tefa very considerable extenf jyithout the a^iiMiaratiee of tine 
cracks. It must be mentioned that the coatings were subject to 
alternate illumination at 140“ 'F. and exposure to aomo,spheric 
weathering over a period which .extended for three months. 

Summarising the great variety of investigations on the oxidation 
of linseed oil, it may be eonchuled that the |)eroxide fon'ned is not 
a jiermanmit substance but gives rise to a variety- of products; 
vjj. i)olymerisation substances, monoxidc-s, and derainiposition 
products, volatile and non-volatile. It is also evident that it is 
highly desirable to reduce the elecomposition products as much as 


U 



yiG. IIB.—Oxidation curves for a ainl p liiioicnic and linolic aoi.:s. 


possible and to favour the polymerisatibn monoxide or. dioxide 
products. It has been shown bow this may be partially attained 
by previous thick((ning of the oil and b 5 ' blending with’ another 
drying oil. TJhe prevention of water ahsorption and loss of lustre 
of films are problems of the greatest importance to the varnish 
maker. It has already been mentioned how the nature of the 
catalyst may play a ])art not ^nly in the quality of the oxidised 
film, but also in the a<3celeration of the drying and hardening 
Ufocess. ■* 

In spite of the W'ork done on Chma wood oil, it is surprising 
how little information is available following on the lines of investiga¬ 
tion of the theory of the oxidation of linse^ oil. 

tin addition to the chemical 'changes which ot^ur during the 
oxidation of linseed "oif it must be remembered that linseed oil, 
especially thickened linseed qU, shows colloid properties on trans- 
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formation into linoxyn, which is a complex of oxidised and nn- 
oxidised mixed glycerides.) Changes in the dispersion of the com- 
ponents'iniist be considered, and the infludhce of varnisn solvents 
and varnish driers must not be neglected in that comiectioa. 



' Olsen ilhd Ratner®* state that finseed oil, after an ej^sure of 
M-venty-fotir d|ys to a current df pure air at the rate or 16 litres 
^r day, absorbs 37'8 per cent oxygen, of-which 18‘06 per cent is 
■nermanentlv fixed. Durinit the period of exposure the oil lost 
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1-8 per cent of its original carbon find 14-73 per cent of its original 
hydrogen-content^ ^ 

Coffey* has found Miat linseed or its fatty acids without 
driers gives, on oxidation at 100° C^ 5'4 to 5-6 per cent of carbon 
dioxide, acd for each molecule of oxidised linolenin or linolenic acid 
a molecule of carbon dioxide and a molecule of a volatile eSrboxyUc 
acid (acetic) are produced. He considers that a molecule of linolenic 
acid reacts irtth 9 atoms of oxygen, of whiofi 3 atoms form volatile 
products. Linolic acid gives only traces of volatile produets (Figs. 
,11a, 1 In, and lie). • 

S. Coffey®’ is of the opinion that in the oxidation of linseed 
oil triperoxylinolcnic amid and diperoxylinolenic are both formed. 
From the data obtained in the oxidation of linolenic and linolic 
acids, and from the known iodine values of the acids, the calculated 
compo-sition of linseed oil agroe.s closely with that put iorward by 
Friend (Chemidry of Linseed Oil, p. 5(1). • 

The theory of driers and the eatal 3 d:ic oxidation of oils will 
form the subject of the next chapter. • 
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CHAPTER II 

('ATALYTK? OXIDATION OF OILS BY DKIHRS 

Thk slow oxiiliition of linsood oil as show'll in Ooiithe’s and in 
Olsen and Rainer's ex])eriiiK'nts aeoentuales the im^iorlanoe of 
the aceeleration of this oxidation hy eatalysts. The sinnouS form 
of the curve ex|)ressing the ri^lationship hetw'een amounts of oxygen 
ahsorhed and time is charaeteristie of an autooatalytic oliange * 
and can hi' expressed by the Ostwald equation for the introduction 
of an autoeatalyst: . 

(lx 

w'licre a is the initial concentration of the oil, h that of the auto¬ 
catalyst, and .r the amount of tlie oil oxidised. 

It is [lossible that the autoeatalyst is a higher 2 Jeroxide than 
that found in linoxyn. There is an induction period in the curves 
in Figs. 10 and 11 whieh disappears in the presence of siccatives 
or at a higher tenqierature of drying. It must be pointed out that 
in any study of the rate of oxidation the experiments must be 
carried out witli due regard to the deconqiosition products* as in 
Genthe’s work. From the above equation there must be a quantita¬ 
tive relationship between the quantity of linseed oil oxidiseS and 
that of the autociatalyst .simultaneously generated. * The auto¬ 
oatalytic peroxide supposed to be formed is analogous to that 
produced in the oxidation of a metal in the presence of wiilter :• 

/OH * 

m+2H20+02=m( .+HA;' 

^OH 

in the oxidation of phosphorus: ^ • 

2P+2O2 = P^02 + Oj = P2O-HOa 
2P + 20j - P 2 O 4 —^PjO + O 3 ; 
or in the oxidation of bonzald^yde: ^ 

CjHjCHO + O 2 =CjHsCO • O(OIJ), benzoyl hydrogen peroxide. 
C,HJC0 -.OIOH) + CeHjCHO=2C,HjCO<5H. 

CjEsCO • 0 (OH)itjndigo,=C,H 5 COOH -tisatin. 

35 
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iGentho showed that the driers remove the induction period 
and shprten the time of setting and drying. Taking, a typical 
drier as a compound of leadi and of manj^nese.i the first question 
which arises is as to whether they act directly as catalysts, taking 
up oxygen and passing it to the oil with the formation of the glyceryl 
peroxide' or wlufther they stabilise the presence of the autocatalytic 
peroxide and thus exert a pseudocatalytic function. 

Ingle ® expressed the mechanism of drying by the following 
scheme : 

C3Hj(()L)j+ 2Pb0 = C,Hj(0L)0 • 0]’b + rbiOL)^. 


yOL 

‘’““‘\^>Pb + ()3 + jf(oil) = 


()_CH— 

^ I I 


.OL 






(>,Pb. 


( 2 ) 


«. 


OK OL. 

Vb + Oj ^ )Pb{)j + (oil) = 

ol/ ol/ 


0_CH— 

I I 

o—CII— 


+ 


Pb/ 


OL 

OL. 


In the first case there is an intermediate substance produced 
giving rise to a peroxide oil, whilst the lead has assumed a higher 
degree of oxidation in the scertnd case. 

'That metals assume a higher degree of oxidation during the 
process is instanced by the behaviour of cerium tungate on oxidation .j 


+ O3 

2ai(OL)3 —^2CeO(OL)3 


+ oil 


3Ce(OL)3 + 


0—CH— 

Uh- 


•The existence of higher oxides has been indicated and the forma¬ 
tion of ceric salts in varnishes containing a cerium drier can bo 
observed in the phange of colour to yellow)(the usual colour of 
sene ‘salts)*. It would appear as if the drier took the place of 
iutocatalyst, assuming the autocatalyst to be an unstable higher 
peroKide than is present in linoxyn.® Driers differ in their power 
bo acceleraite the drying of linseed and other oils, v Linseed oil, 
which ordinarily takes three days to dry as a thin film, will dry 
in ^ve to eight hours ift the presence of 0-6 per cent lead and a 
brace of manganese. 

Many otheV metals show a similar accelerating action. 

*Eokhi ’ places such metals in the order given in the list, beginning 
with the strongest drier : ' 

Co, Mn, Cr, Ni, Fe, Pt,>Pd, Pb, Ca, Bi, Ba, Hg, U, Cu, Znj. 

The velocity of drying is stated to increase with the cube root* 
rf the*'concentration of the catalyst metal, but it seems unwise to 
ievelop a relationship between reaction velocity and concentration 
without consideration of the superficial concentration. 

I Iijgalld® gives the time of efrying (when the film becomes dry 
ip the touch) 8f linseed oil filmk (0-001-0-003 in. thick) containii^ 
i,per oen(j,of resinates of the following metalp, arid the increase in 
weight-of the films at different neriods: 
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Linseed oil containing: Mn. Pb. Zn. *Da. Co. Cii. Fo, Al. Cr. 

Drying tim^, hours: 12 26 30 32 36 46 60 85 96 ^ 121 

9-4 6-5 6'0V,-9 49 4-1 2-8 2 0 0-933 

(Vanaflium resinate is stated to be a better drier than manganese, 
but inferior to cobalt resinate."” ■) * 

It is well-known that the fllnis continue to harden progressively 
for a long and indefinite time after the drying titne as given. 

(Mackey and Ingle® classify metals in the following order of 
' drying: * 

Co, Mn, Ce, Plj, CV, Fe, U, Na, Ag, Zn, Hg, and Al.; 

The method employed is novel; cotton-wool, soaked in linseed 
oil containing the metal to be classified, was placed in a cloth-oil 
tester,*® and the time taken to attain a tom})eratur(^ of 200° 0. 
was noted. In the case of cobalt that tenijxTature was af^ained 
in the shortest time. 

1 The proposed arrangement of the metals in the or^er of drying 
is not satisfactory. From the lists given it appears that a metal 
which can form more than one oxide acts as a driiu- or oxygen 
(iarrier when it is in an oil soluble*form, provided that the salts 
of the lower oxides are more stable than those of the higher oxides. 
It has also been stated that the more oxides which a metal can form 


the greater will be its catalytic activity.) 

.Gardner,'* in his exj)criments on the effects of moisture on 
drying oils and varnishes, states that a surprising feature of the 
results is the very high apparent cfSciency of aluminium compounds 
as driei-R Although slow in initial effect they seem to have an even 
greater drying power than the coi-responding eotnpounds of lead. 
Further investigations with aluminium salts as (Jriers are advisable 
before the rriore general impression is put aside, although the 
writer can confirm the drying power of aluminium resinate. Much 
depends on how the efFieiency of a drier is stated, eithef as ir^rease 
in weight of the film, rise in temperature, or actual ih-ying timei 
The usual method ol testing the drying power is that of the craftsman 
who fixes the time when the film become* satisfactorily dfy t^ the 
finger, which condition is preceded by a “ dust-dry ” period.'^ Rough 
though the method is, with a personal error of half an hour and a 
dependence on light, temperature, and hygrometric condition^ it 
is satisfactor for practical purposes in the hands of a skilled worker. 

The results of the gain-in-weight trials on oxidation of an oil 
may be considered as deciding broadly between di-ying and non- 
‘ <l*'y*ng oils or between metals s# “ driers,” but in practice the rate 
of oxidation is not sufficient to establish the use of the metal as 
# “ drier,” Rapid setting and har^ drying throughout the film 
from top to bottom, without ^ivelling or silkiness or a dry surface 
layer with a soft yndercoat, are necessary to establish*, metal as 
a satisfactory drier. • • * 

The metals in thp lists given may be employed #s (a) in a finely 
divided state (Livache proposes finely divided lead); (6) oxides 
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(lead, niangiuicse, and iron in uiul'cr); (c) acetates (lead, cobalt, and 
manganese); (d) borates (lofid, manganese, and cobalt); (e) metallic 
salts of drying oils (linolatcs, linolenat«s, tiingates, -and even 
oleates); (/) rcsinates of the n'lctals (load, nianganesc, and cobalt)i 
The oleates of lead, manganese' and cobalt may be nsed js driers, 
but they,Are ndi, so reacQly soluble nor so active as linolenates or 
linoleates.' f There is the tendency to consider salts of CigHjaOj 
and CifiHjiiOj acids as yielding most of the drying power, but their 
solubility,must 1 h' carefully considered, beeause the form in which 
the metal is presented often determines its ,seIeetion; e.g. nitrates 
and chlorides are seldom used as driers, whilst aeetates and borates ' 
are good driers, esjK'cially borate of manga’icse, which, hpwover, 
requires rather a high tem])eratme to yield its maximum effect. 
Jjead stearate is of little use conqwnid with lead linolenatc or 
linohuite.) Lead tetraethyl, which is a clear and nearly water- 
white ,|iquid containing 7() ]ier cent of lead, freely soluble in linseed 
oil, is stated to Iw, useless as a drier at the ordinary temperature. 
It is evidenlj that the metal must be present in a suitable form, 
because finely divided lead, in spite of its apparent insolubility in 
linseed oil, and although soluble in the acids wliich are present in very 
small quantity in the oil, has shown itself in the hands of Livache to 
be a good drier. (Manganese, one of the best driers, gives a coating 
which often shows ri veiling, and q^ibalt films show the same defect, 
due to rapid surface oxidation. The lead films are rounder and 
fuller. Mulder states that load gives films “ tough like rubber,” 
while manganese produces films “ tough like leather,” although 
load is a slower drier than manganese j The drying time of linseed 
oil with a suitable drier can be brought down to seven or eight 
hours, for which 3-5 parts of manganese or cobalt to 10,000 of oil 
will suffice.iv,Tim films must be about 0-(X)2 in. thick and the tem¬ 
perature about 75^ h’.; it is evident that the action of the metallic 
drier is specific, and it will be of advantage to consider the forms in 
whiclxmetaUic driers arc used in practice, beginning with manganese. 

Manganese Driers.—The United Stat((s Bureau of Mines has 
issued a pamphlet on the use of mangane.se ilalts as driers, and 
details qg to their manxfacture and of other metallic driers are 
given in a pamphlet by H. A. Clardner and R. E. Colraan.'® (The 
manganese compounds dsed as driers arc the sesquioxide (Mn^Os), 
pyrolusite (MnO^) or the black oxide-hydrate, borate, resinate, 
linolenate, oxalate, and a few other salts. Mang&nese dioxide 
(natural and artificial) is employed extensively as a drier by 
dissolving it in linseed oil afSOO" F. Not more than lb. per cwt. 
of oil is used.) It may dissolve parljally as linoleate,* but the boiled 
'.oil jTToAuced is dark in colour. 

Manganese ’ sulphate is prepared on the large scale from the 
dioxide by heating to rednfe with ferrous sulphate and then 
dissolving jput the manganese sulphate with water. It is largely 
used by. oil-boiiers for preparing pale boiled oils, and is also the 
sduTce of the oxalate and borate. 

Linoleate is term used to include a mixture of linolate, linc^enate, 

ol^te obtained^ from linseed oil. 
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Manganese borate is formed adding a solution of manganese 
sulphate to a hot solution of borax, from which it is precipitated. 
The oxalate is made bf adding a solution of sodium oxalate to a 
soluble nmnganese salt. ^ 

The j»sinate, linoleate (8-() per cent Mn), and tungate (9-3 pet 
cent Mn) arc made by adding a manganes(! salt to a sohttion of a 
rosin soap or an oil soap rcsjxjctively, or by heating manganese 
acetate and rosin to give .mangaiuise resinate. They are soluble 
in turpentine and in white; spirit, but the solutions darken rapidly 
on keeping to a deep elaret colour. One lb. of the linoleate mixed 
with r> lb. of linseed oil, wliich is then added to 10 galls, of linseed 
oil. is said to form a good drying oil. It must be stated that these 
salts an; more efficient if they are disRolv(;d in a medium as soon 
as possible after preparation, because their solubility d(;preeiates on 
keeinng, due to oxidation giving rise to less soluble pro^[ucts. 

Cobalt Driers. —Cot)alt is used in the form of a(;etate, rejinate, 
linolenab; (9 5 j)er cent Co) or tungate, and the driers are prepared 
from a soluble cobalt salt (c.g. sulphate) in the sam« way as the 
corresponding manganese compounds. The cobalt drier solutions 
arc as highly coloured as tho.se of manganest;, but they do* not 
darken a mixing to the same degree* and are highly coloured com¬ 
pared with the corresponding lead connxmnds. As the quantity 
of the metal u.sed is very small^ a cobalt-treated oil will bleach 
out on drying, (iomparison of cobalt with manganese and lead 
will be referred to under “ Combinations of Driers.” 

Lead Driers.—Lead is us(;d as oxide (flake, massicot) or as red 
lead; generally flake litharge is preferred. It is sometimes introduced 
as flake litharge into a varnish mixing directly in the ‘‘ drumming ” 
process, or else in the form of a soap produced by dissolving the 
oxide in oil. It may be used in the form of acejati; in conjunction 
with rosin to give a resinate (25-6 per cent Pb). . It ts preferable 
to use the oxide dis8olv(;d in the oil rather than in the form of 
separately prepared linoh;ate (27 per cent Pb), because di the 
difficulty in drying the very viscous salt. It must be mentioned 
that solutions of lead soaps will deposit lead stearate and palmitate 
on standing or on thinning.'^ • , 

(Red lead and manganem; dioxide require a temperature of 
300°-500° F. for their solution and produce dark-coloured oils which 
on continued cooking (not too long) give an almost black mass, 
which is solifble in turpentine and is the basis of the so-called 
ilapan or Japan driers.. They are as jwwerful as the precipitated 
linoleates, and have been known for a very long time. Special 
kinds for many purposes contain resins, but the catalytic power is 
not increased thereby. • 

Cerium Driers.—It is stated by ^me investigators that cerium 
linoleates are inactive. Fr(%n the writer’s experience this is 
incorrect.'* , • 

If cerous oxalate be made the starting-point, ft can be easily 
bra^ormed into c^ous linoleate, which dissolve# readily in oil, 
giving a clear solution without the separation noticeable in the 
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case of lead linolcate. In drying power it is to be compared with 
lead linoleate, and it is of the same or slightly greater activity, 
but it needs a second drier, /such as mang&nese, or a promoter to 
be present; c.f/. manganese and cobalt,., 

•04 oz. of CejO, to one gallon of varnish mixing, to -which has 
been added a trace of a soluble manganese drier, will dry better and 
quicker than when a chemically equivalent amount of lead is used,, 
The behaviour of the film of the cerium mixings is markedly 
different -to that of the leiul varnishes. They remain soft up to 
the last hour of drying, when a very rapid widting occurs, showing, 
that the metal is not a surface drier. The hardness next day is 
as good as that of a lead varnish; moreover, there are no bottoms 
as in the case of lead varnishes and no blooming in “ long oil ” 
mixings. Owing to the oxidation of the (icrou.s salts to the ceric 
form, the varnishes become yellow in time, assuming the character¬ 
istic (^ilour of ceric comj)ounds„' 

It is because of the necessity for a second drier that writers have 
dismissed ewium as inactive, although Mackey and Ingle place it 
third in their list of drying jnctals as tested by the cloth oil-t{«tcr. 

Combinations of Driers.—Tlie metallic content of boiled oils 
and varnishes stands in no stoichiometric luoportion to the mass 
of the oxidation product. According to Wegcr,’® the drying power 
of manganese increases uj) to a amcentration of 0-2 per cent,j but 
further increase causes no acceleration on drying (cf. Bach, Oxidation 
of HI by hydrogen jjeroxide in the presence of peroxydase).’® 

’< Lippert states that the combined oxygen is increased by the 
presence of small quantities of manganese, but if the amount 
exceeds 0-2 per cent the oxygen number falls., 

There is, moreover, an undoubted advantage in the use of mixed 
driers' as shown .in combinations of lead and manganese. In 
illustration "reference may be made to results obtained by W. 
Flatt“ and by Sternberg, who found that the drying power of 
lead Knoleale increases -with the content of the lead oxide up to 
1 -9 per centdead ; the di-ying power of manganese is at its maximum 
with a concentration of 0-1 per cent of the metal.A The optimum 
conqpntritions of lead add manganese ai-e 0-77 per cent and 0-002 
per cent respectively. Mcister^® states that 0-12 per cent Mn, 
0-45 per cent Pb, i.e. 1 :4, are the best when the metals are in 
the form of resinates. Manganese resinate contains Oner cent Mn; 
lead resinate 22 per cent Pb ; zinc resinate contains T^r cent Zn ; 
cobalt resinate 4-6 per cent Co. The best results are obtained when 
1 -5 per cent manganese and “lead resinates are shelved in linseed 
oil, whereby the drying time is reduced to six nours. In a 2 per 
'•cent nlferture of these metals, in the form of resinates dissolved in 
lins(«d oil at 160° C., the follojving drying times were obtained :• ” 

Drying times; Hn, Pb, and Ca, 6 li^urs; Mil, Pb, and Zn, 7 hours; 
Mn, Zn,andCa, 9 hours; Mn, Zn, and Co, 7 hours; Fb.Zn, and Ca, 9| hours; 
Pb, Zii> and Co, S^iours. 

. ,* The aipitioiS of lime in neutralising the' acids ‘in the oil must 
also favour any iwlymerisation during the drying., 
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'W. Platt “ considers that excesJ of drier in the case of manganese 
or cobalt (Joes not retard drying, and quotes the following observa¬ 
tions ; • • 


0-25 „ 

Mq ^ „ 

16 „ 


0-08 „ 

Co 

•* » 


0-25 „ 

Co 

4 „ 

• 


^Wegcr (he. cii.) stated that 0-25 per cent Mn or 0-5 per cent Pb 
and 0-1 |Kir cent Mn were the ojjtimum amounts; excess was no 
^advantage, but did not retard.v- 

The following table gives the results of Platt’s experiments 
with mixed driers, using percentage as given ; 


Pb. 

Mn. 

(.'<). 

Drying TJiuch. 

JVr cent. 

Por cent. 

Per cent. 

IfourH. 

1 



20 

i 


i 

t 

i 

., ' 

i 

16 

i 


i 

10 


1 

. • 

24 

i 

1 


17 

1 

z 

i 

. .. 

16 

i 

i 


18 


i 

1 

17 


4 

* 

18 


i 

i 

19 


i 

. . . 

i 

20 


' Prom the figures given the nianganesc drier docs not stimulate 
the cobalt drier, but rather the riivcrse. Nevertheless, there is 
evklence that even in the case of these two metals there is some 
mutual influence. Consensus of opinion is in favour of mixed 
driers, Pb and Mn, and even cobalt and manganese. Lead driers 
are less sensitive to temperature variations, whcroas*mangancse 
driers are the most sensitive. There m always an increase in 
viscosity of lead di-ying oils, whilst manganese and coljalt •oils 
change only very slightly ; nevertheless, a manganese drying oil 
improves with age> 

It is evident that the activity of the drier depends specifically 
on the metal. Rochs seeks to explain them on chemical grounds : 

—C..C-^C—C 


C-C 

a 



c-c 

\/+o . 

0 • 


manganese as drier. 


* , lead as drier. 


< When there is a combination of the two dri^b, a peroxide 
glyceride of the Orlofi type (^. 17) would be formed.*, 

Another view is that thq ^second Mer acts as a pol 3 Tneri 8 ing 
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agent causing a union of unsaiurated molecules and preventing 
the ox^ation being carried so far as the productior^ of Reid’s 
superoxidised oil.“b The softening of linhxyn may be due to a 
return of the gel to the fluid sf.atc>^ ■('This view is very worthy of 
consideration, jsspecially as .aluminium has been found to give 
greater drying powers than the corresponding compound of lead ; 
moreover, the advantages of lead as a drier are not so manifest 
when dealing with polymerised or easily polymerised oiIs({cf. per¬ 
centage of linoxyn fornual when lead and manganese driers act 
on lithographic oils compared with manganese alone (Morrell,, 
he. cit.)). No doubt it is advisable to cheek excessive formation 
of peroxide glycerides, whi(b are over-])rflne to subsequent de¬ 
composition, and the combination of metallic glycHU’ides. may be 
favourable in this r(w]K!Ot. It is sometimes stated that driers 
lose their wdivity. Undoubtedly certain driers cause a thickening 
of a viarnish, which may dry more slowly owing to increased thick¬ 
ness of the film, but as long as there is no .separation of the drier 
and the fluidity is maintained, the devdiig tim(( in the ca.so of 
vamtshes remains steady. 

Jl'heorles of the Action of Driers.-— The metallic driers are 
catalysts, and the term catalysis as defined by Henderson (Calcdysis 
in Industrial Chemistry, 1919) is inore generally used to designate 
chose chemical changes of whichf the progress is modified by the 
presence of a foreign suhstance; the, agent which produces the 
effect is called the catalyst. , 

The theories advanced to (iXfdain the action of catalysts in the 
drying of oils and varnishe.s fall into two classes: (a) chemical ; 
(b) physical. 

'"(o) Chemical Theories. —^Those have been already indicated. 
Without the driur it is presumed that a higher and unknown 
peroxide of'the glycerides is formed which is subsequently reduced.*- 
■ When linseed oil is boiled without driers it is oxidised very slowly, 
but Rs activity is regained when air is blown into itri The metal 
of the drici*stimulates the formation of a ])eroxjde which undergoes 
subsequent and alow change, either by reduction to an oxide owing 
to the aeaction with unbxidised oil, or by polymerisation of the 
peroxide or oxide oil, or, by pxrtial decomposition of the molecule ; 
all three types occur simultaneously, hut at different rates depending 
on the general oonditions and on the nature of the metal in the drier. 

(1) XOj-f X = 2X02 without driers. (2) X -e0,-tdrier = XOj. 

(3) X02-I-X~2X0. • (4) Polymerisation of XO-4-XOj. 

(5) XOa + HjO = XO -I- HjOj. (6) Decomposition products of XOj. 

If^he action of driers is simply catalytic, i.e. if they act as 
oxygen carriers, then the oxygen absorption for a given oil ought 
to be a constant quantity.' Coffej“ found that the oxidation 
curves foi^ linseed on with or wdthout drier show that the rate of 

„ • The part plhyed by moisture during the oxidation of linseed oil must 
. . . •-0H 

not be ovoffooked. It is possible that X -t 0, -t 2H,d=X<^^^^ -t H,Oj (p. 33) 

may otodr. 
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main oxidation is unaltered, but tluA. thi' oxygen abaorptioi^recorded 
in the presejiiow of drier is lower than that observed when ly) drier 
is present; moreover, the reaction curves are different.) ' 

'The true oxygen absorptions, ^hen the following.-catalysts 
were dusted in the solid form on a him of linseed oil, arc i Cobalt 
oxide, 25 per cent; Icfkl oxide, 17 per cent; manganeso bofato, 
23 ])er cent; red lead, 17 |)er cent; lead acetate, 24 per cent; 
linseed oil without driers, 28-7 ])er cent (Pig. I Ic). ' 

The induction jieriod is shortimed in the presence (rf driers, 
J)ut the final oxygen absorption is lowered. The oxidation curves 
do not run parallel with the curve for oil alone, and deviate con¬ 
siderably from tli(> logarithmic curve sugg(isted Iry Kokin. ' Carbon 
dioxide is evolved whelhtu- the dri('rs are ))resent or not.’ .No trace 
of hydrogen peroxide was ob.served when the driers were present.f 
Tt is evident that the presener' of the driei’ modifies the crgirse of the 
oxidation of the' oil, and it does not act as a catalyst in the strictest 
sense.- iThe action of tlu' seeondai y drier, c.g. lead, wmdd appear to 
be that of eoagiilator of the oxidi.sed pi'oduet whose fmnation has 
been accelerated by the prin'iary driei’ (manganese and cobalt);- 
(ft) Pliyxical Theories.—How far are oils and varnishes to be 
considered homogeneous systems in' which the reaction is pro¬ 
portional to the concentration of the catalyst ? The projMirties 
of surfaces mu.st be considered, in that drying belong.s essentially 
to the consideration of heterogeneous systems, and the adsorption 
views of Paraday (1833) asj to catalytic activity are relevant. , 
The surface of the drying oil is'a zone in which various possible 
mtermediate compounds and final jiroduets arc callable of existence 
side by side and in which the actual erpiilibrium state would be 
such that thei’c wa.s a definite proportion between these jiossible 
intermediate products in a kinetic sense ; but .while the actual 
number of molecules of each species remained constaht, the in¬ 
dividuality of these molecules would be continually changing. It is 
possible to sec how manganeso or cobalt could help the Absorption 
of oxygen by linseed oil, by rca.son of the fact that «mong the 
various possible compounds formed on the surface of separation 
there would be jxToxides, in which oxygen was at a uptepjial 
sufficient to be transferred to the oil. It is evident that the chemical 
. proportion of driers will not account fully W their behaviour, and 
the study of their surface energies is of importance. The rates 
of diffusion of* th« oxidation products depend on the visco.sity> of 
the material, and must be taken into account if the evil defects 
of surface di'ing are to be overcome. Polymerisation of the 
products and change in their ihspersion in the film are factors 
which are ■ influenced by the nature of the drier. It is^fchere- 
fofe difficult to make a strict comparison of driers as catalysts. 
DnerC may be -considered asViromoters absorbing oxygen select¬ 
ively on the surfaco,followed by chemical combination, t There may 
be differences in the sm’face energies of the dissolve driers (there 
would appear to* be differences between those of lelld,* manganese, 
and cobalt) which will affect powerfully the course of the change., 
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According to the report of the? Contact Catalysis Committee of the 
Ameriqpn National Research ('onncil the catalytic agejt activates 
one of the reacting aubstanses, whilst the promoter activates the 
other. The phenomena are essentially those of adsorption with 
formation of indefinite intermediate compounds.^ On the hypothesis 
of dircotivo and selective adsorption, connection may be made 
between th(! intermediate compound theory and the adsorption 
theory, because the idea of a directive force assumes chemical 
union between the surface of contact and the molecules of the 
surrounding medium. The distinctive character of the interfaciah 
molecular condition has been put forward by Langmuir,^ who 
assumes that a solid catalyst becomes coated with a single layer 
of molecules by adsorption ; stuih condensation is accompanied by 
a change in the character of the adsorbed molecules, involving a 
dissociation of elementary molecules {e.g. oxygen into atoms) by 
which the atoms of the condensed inoleeuk^s are definitely associated 
with certain molecules in the surface layer. The application of 
Langmuir’sstheory by Ijcwis in terms of the radiation h 5 ^othesis 
involves the condensation of the catalyst in the atomic form on 
the surface. It must be rememlKfred that Substances of a colloid 
nature arc present in drying oils, varnishes, and paints, and the 
activity of metals in such solutions is vastly different from what 
it is in aqueous solutions. A Miore careful study of Livache’s 
method of drying by finely divided metals would establish a closer 
connection vdth the phemomena observjid when unsaturated oils 
are reduced by hydrogen in the presence of metallic catalysts. It 
is for the chemist to decide, from the examination of the products 
of oxidation, the chemical changes which have occurred. It would 
appear that the activity of driers is to be attributed to causes put 
forwai'd by both theories taken together. 
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CHAPTER III 

BOILED, BLOWN, AND STAND OILS (LITltOOBAJ’IIIC VARNISIIES) 

It is advisable liore to draw attention to the differences in the 
nomenclature of varnishes in England, France, the United States 
of America, and Germany. In America the term boiled oV has 
the same meaning as in England. In Franco it is Imih da lin cuite, 
in Gcrttiany leiwdfirnis, coniiirising drying oils with thinners. The 
terms varnish and vernis are a])j>lied to solutions of rosins in a 
solvent or solvents with or without drying oil. In Germany the 
term ktekfimis is ustd, which is specialised under separate terms, 
such as jluchiige lacke., including the English spirit varnishes, or 
fdte lackfirnisse or feite lacke {al-lacke), which contain copal or 
a resin, drying oils and thinners, and are the equivalent of the 
Fnglish oil varnishes. , 

f Boiled Oil.—^Thc operation of boiling oil is one in which great 
secrecy is observed by manufacturers. When linsi'ed oil is heated 
to 22(j°-280° 0. (SOO^-SIX)" F.) for several hours in contact with air, 
its drying proptirtics are increased. i It is customary to add small 
quantities of metallic driers, whereby the resulting boiled oil is 
essentially an oil containing a metallic catalyst. ControVersy’rages 
over the merits of “ kettle-boiled ” oil and “ bung-hole oil,” i.e. 
oil in which the driers have been incorporated by heaf compared 
with linseed oil to which driers, soluble at a low tempciwture, have 
been added. In the boiling of linseed oil there is always a 
darkening in colour, but a light colour^ oil is often r^quijed, 
in order that the oil may not unduly discolour pigments suspended 
in it. It has become the practice to make a drying oil with 
metallic oxides by heating with a small -portion of the oil until 
they are dissolved, and adding the smaller quantity of oil so 
treated to the bulk of the oil, which is maintained at a much 
lower temperature, usually not above the boiling point of water! 
The resulting oil is light in coloi* and there is considerable saving 
in^the cost of fuel, time, and labour. The oil-boiler may bhy his 
driers from the varnish maker, often, to the detriment of his oil, 
unless he carefully examines \he composition and quality of the 
driers offered, whigh may be lead and manganese resinates in¬ 
corporated at 150°-160° C., or even at a lower ffemperature, jn 
contradistinction to the boiled oils in which lead %xide or man¬ 
ganese oxide are dissolved at 220° C. ) The demand is for a 
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boiled oil which ha.« been heawl at some stage of the process, 
but it^s undoubtedly correct that for certain purposoji, esjiecially 
where colour is of inij)ortanoe, the use of oils of the bung-hole type 
is quite satisfactory. McIIhiviey tuaintains that, jjrovided proper 
materials havc?, been uscsl, lower-temperature drying oiHs as good 
as the "kettle-boiled oil. The temperatures required for the in¬ 
corporation of driers in linseed oil are given below : 


DriiT. 

Amount usofl 

(iMTCffltilfri").* 

Mean Tempetuture. 

Manganoso flioxiflf' (Hrannsteiii) . 

0-5 

250° C. 

Hydratod inanftancso oxido . 

01-0*2 

170°-220° 0. 

Manfjanofio liorak' .... 

()•.'>-! 

Ordinary tomporature 

“Flako load. 

O-f)-! 

lA*ad . 

1.2 


Marf^aneno acotale .... 
Lead roHinate fused 

d-f) 

1-S 

”j20M.50‘^*C. 

Manj;aneee ct-sinate fused 

2-3 

Ordinary iornperaturo 
150° C. 

Manganese linoleate 

1 


f 

Method of Manufarlnre.- The oil may bi; heated over a fire in 
large boilers holding 100-600 gallons. 

The boilers are made of wroilght-iron plates of the form shown 
in Fig. 12, and the bottoms, which are made sepai'ately, are riveted 

to tlK; sides. Th(i corroding 
action of the fire is greatest on 
the bottom of the boiler, which 
must thus be easily replaceable. 
The boilers should be set over 
furnaces with fireplace.s outside 
the boiling shed. A suitable 
eo.ver should bo fixed on the pot 
so as to allow both ingress of air 
and the removal of irritating and 
acid fumes from the boiling oil. 
' ho. „a,.. the pot (w'hich should 

. be not more than two-thmds full) 

is carefully heated up to 240°-280° C. Caution must be exer¬ 
cised at first, otherwise the oil may boil oversowing to the 
presence of water and mucilage. After a time the oil “ bolls ” 
quietly and is kc'pt at 280J C. for not less than two hours. After 
the boiling has j)roce('ded for half an hour the driers are added 
from time to time in small quantities. The time of boiling and the 
' quantities of driers vary, but generally 5 lb. of lead oxide per ^n 
of oil and five and a half hours ar^ deemed sufficient.* A French 
ordinary boiled oil may contain 6. por cent of litharge, which is added 
to the oif heated to 150° C. and the tempertrture raised to 230°- 
24(1° C. The cold clear oil is drawn off as “ boiled pil ” and the foots 

■ ♦ War Office Specification for boiled linseed oil*C.W.D./406, 1920, fimita 
the percentage of lead to 0’5 per cent, and of cobalt or manganese to 0^6 per 
cent.‘ Am. Hoc. Test. Mat()rials adopted* in 1916 for boiled oil O'l pM Oent 
and (H13 per cent manganese. 
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are used for putty or mixed into ihcap paints. A strong French 
boiled oil yiay contain 10-25 per cent litharge and 0-75 per cent 
uml)er added at 250° G. and the tempfffature then raised to 270° C. 
and kept tlnirei until the desired consistenoy is obtained. (A clear 
boiled oilwnay be made i)y incorjiorating 1-75 per, cent red lead, 
1-5 per cent umber, and 1-5 }>er cent quicklime.' The red lead is 
added at 170° 0., then the umber, and. the temperature is raised 
to 2.30°-240° C., the lime ix-ing stin-ed in after removal of the oil 


from the fire ((.offignier). The oil darkens in colour dirring the 

Jxiiling, owing to the fonnation of deiiomposition jiroducts depending 

on the teuqierature of boiling and the nature and quantity of the 

cb-ier.s used. Manganese di- 

o.vide produees a darker colour [Tj 

than that produced by litharge. Rll b n 

Lead and manganese acetates I 1 

or mangane.se oxalate produce I " 

the palest oils. The tempera- ^ | ^\sP 

tui-e of the boiling proee.ss ff :j » 

should be kejit as low as jios- K; I f J 

sihle to prevent darkening. ' ; 

Thelossiii weight is very small, ■ l| \ 

amounting to not more than : |[ : 

on(‘ half per cent in the case of ' ; I : 

a lead-boiled oil of fourteen M 

hours' heating. The dq-ect §'■ \ : ^ 

heating of linseed oil over a ff ; ; 

fire may be replaced by steam N ■ ; 

heating. The oil is run into a H r ■ I : i H 

tank fitted with a closed steam H 1 - I lllllllllloiW-4 f H • 

coil and heated for about two ^ ^MIllc|IIIHIIIIl| | „ ff ff 

hours at 95" -97° G. This i 

preliminary treatment assists ^ 

m the coagulation of the ’ 

mucilage, and reduces the 

frothing of the oil during the 

later stages of the process. The ttkj. 33 . —sn-am-iM-aU-d oil-boih-r. hA, a^am 
hot oil is run into a steam- jacket; ll, wntn-for V,.rtu al aim 

• 1 j 1 t .1 .11 .1 tjitont: 1>, («4l Inlf't; I*, flue ; L, air Into oil; 

jacketed boiler provided with S, vertical sdiaft. ; T, steam Inlct. 

a stirrer and air inlet, as shown 

in Fig. 13. We oil is heated and air is blown through it. The 
driers are introduced from time to time, and on completion of 
the process the oil is run into settling tanks.^ The oil-boiling plant 
supplied by Messrs. Rose, Dovftis & Thompson is on the same 
general principle, difiering only in mechanical details. Boil^ oils 
may be prepared by heating in vactfp or under reduced pressure 
to avoid darkening.® DuringV'he boiling, oxidation occurs with 
improvement in tlje body and gloss of the oil. It. must be 
pointed out that the peroxide of the more active components 
may cause oxidtttion. and polymerisation of the l^s unsaturated 
glycerides with accompanyinir thickenine. Boiled oil is of a brown 
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colour of varying depth Of sha^e. Its odour is characteristic and 
peculiar, and differs from that of raw linseed oil. The specific gravity 
varies Dctween 0'933-0-952, depending on the mode of manufacture. 
Exposure to light is stated ty darken the oil, although linseed oil 
is bleached under similar circumstances. The properties! which the 
consumer requires are consistency, cleanness, drying power and 
freedom from added impurities; e.g. rosin, rosin oil, mineral and 
vegetable oils. The drying time varies from five to twenty hours. 
Boiled eil gives a hard, lustrous film, which is liable to crack on 
exposure to air, so that raw oil is added to improve the elasticity. 
The experience of painters and linoleum printers using raw oil 
and a drier instead of boiled oil in their work has shown that it 
cracked and blistered badly (Ingle). 

The following table shows the changes which occur during the 
drying of, a film of coW-boiled oil by spreading it on a sheet of 
glasi* exposing to the air and scraping off portions at intervals for 
analysis. The films were exairuned by the method described on 
page .50. The oil (original iodine value 183), containing 1 per 
cent of lead driers, was “ boiled ” in bulk at 86° C. by blowing in 
air, the sp. gr. of the product being ()-9G6. 



Oil Itelorc 
Expositrc*. 

9 

Oil after Bryii^ at 80'" 

t:. 


(1 j)(!r frnt 
lead driers.) 

3 Days. 

5 Days. 

7 Days.' 

if) Weeks. 


Per cent. 

Per cent. 

Per cent. 

Pc*r cent. 

i*er cent. 

Unoxidised oil . 

(see below) 

100 

45-7 

33 0 

10-9 

17-6 

Partially oxidised oil . 
(see below) 


52-6 

501 

43-6 

28'9 

Linyxyn , . . 

(see below) 
Unoxidisflil Oil— 


1-8 

100 

45-5 

53-6 

tTnoxidised acids . 
(calcidatod to oil) 

871 

35-5 

24-5 

9-2 

13-35 

Oxidised acids 
(ccdculated to oil) 

■ l^rtia^y Oxidisod Oil— 

12*9 

10-2 

9-4* 

1-7 

4-16 

Unoxidised acids . 
(calculated to oU) 

• 

140 

100 

17-2 

9-5 

Oxidised acids 
(calculated to oil) 
Linoxyn— < 


37-9 

40-1 

26*4 

4 

19-39 

Unoxidised acids . 
(calculated to oil) 



4-9 

12-0 

7-34' 

• Oxidised acids 

(oaloulated oil) 

* 


111 

32-9 

48-26 

• ' 


T 

( 


Half the oil becomes partially’oxidised oil, soluble in methy¬ 
lated >ether, ftit insoluble in light petroleum. Linoxyn inraeases 
at tlie expeqp^ of the partially oxidised oil fractfon. At a oertam 
point the quantity,of unqxidised oil increases, t Linoxyn is net''h 
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simple substance, but contains glycerides of oxidised and other 
acids.' * 

Blown linseed Oil.—Linseed oil can bo thickened by oxidising 
in a current of air blown through it, and it may bo artificially aged 
thereby, tlonerally the oil is heated to 12r-149‘’ 0. (Hazura 
states 66° (!., and Inglo 60°-100° (!.) and a largo volume .of air 
blown in, the air [lassing into the oil through small perforations 
in a pipe of about J in. diameter. The temjierature should be held 
at 188°-20.')° 0., but it may be necessary to cool the oil by a water- 
jacket to prevent rise 6f temperature due to oxidation. After a 
few hours the oil begins to fntne strongly, and the head must bo 
tieaten down. The air biown in may be heated previously to 205° C. 
in a .superheater, and the oil may be blown without further heating. 
When blown with hot air the oil dries betbir and is of paler colour, 
but is more liable to gel during the process of manufaifburo than 
when heati^d and cold air is pas.sed in. It is advisable to priMdo 
ttu! pan with a steam jacket, so that if the ojieration is not con¬ 
tinuous the thickened oil may 1«) renilered fluid to fiermit the 
rcsum])tion of the introdm^tion of the air. To oxidise 600 gallons 
of lin.seed oil 8abin .states that air frorv a rotary jiump with a 3-in. 
outlet running 225 r.p.m. may be yiassed in for about forty to 
fifty hours without causing eoagulution. If the tilowing be stopped 
a little .short of gelation thc^ oil cad be carefully thinned while hot 
(108° C.) with turjamtine or white spirit, or it may be stored in an 
open tank ready for use. If*) viscosity is so high that it will not pour 
and must be dipyied out. The increase in weight is about 10 jier cent. 
The oil dries by itself, but the rate of drying is accelerated by addi¬ 
tion of driers. Owing to its high viscosity it may be used to confer 
durability on cheap linseed oil rosin varnishes, and it may also be 
incorporated with tfliina wood oil. In the blowiitg of Ijnseeii oil 
the molecular weight appears at first to be lower than that of the 
original oil, but this is due to decomposition having endued. , If 
the fatty acids from the drying oils be blown, 50 per cent of the 
acids (after removal pf the oxyaoids by petrol ether, th8 volatile 
acids by steam, and the saturated acids bj freezing out) showed 
a molecular weight of 423 (280 would bo the normal molScul* 
weight). It is evident that intramolecular polymerisation has 
occurred either directly or through the medium of oxygen. At 
higher temperatures, e.g. 230° C., ordinary bimolecular polymeri¬ 
sation occurs.® 'The primary oxidation products are completely 
soluble in light jretroleum, but after ^aponilicafion petroleum- 
insoluble oxyaoids are obtained.^ S These oxidised acids of Pahrion 
are of interest because of their Insolubility in petroleum et|i6r. 
Ingk ® considered that they were very probably decomposition 
products, mainly of a resinous character, formed in the aldol con¬ 
densation of the aldehydic group produced by the action of alkali 
on the peroxides during the saponification. He thought that the 
®''^denoe of polymerisation occurring at such low ^mperatures 
as 60°-100° C. was not, convincing. If polymerisation does occur 
at such low temperatures it would be expected to take place.by 
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polymerisation of the molecules by attachment through the peroxide 
oxygeft. The action of ageing and heat on a aemi-pxidiscd oil 
produced by blowing in air at 140°-212° F. (60°-100° C.), or by 
exposing linseed oil in a fine hpray to air at that temperature, has 
been investigated by Ingle (loc. cit.). It may be taken* as typical 
of methods used for investigation of oxidation ])roducts of the 
oils and given in some detail. The ether insoluble part is linoxyn. 
The ether soluble part after removal of the solvent gives a part 
soluble in petrokmin ether, viz. unoxidised oil, and a ])art insoluble, 
viz. partially oxidised oil. Each portion was saponified and thr* 
oxidised acids examined by Fahrion's method. The results are 
given in the following table : 






Heiit4‘<l Mfiterial 


Freshly 

Five tl.ays 
a Her. 

After 

aimlvsed ufter 


Ovidisi'd 

IleatuiKto 

Thirteen Months 


(HI. 

J(U) ('.* 

uttlie Ordinary 





'reiniieratiire. 

Linoxyn .... 


31 -3 

3(>-7 

4.7'3 

Partially oxidised oil . 

xii 

44(» 

40 0 

34-5 

Unoxidlst'd oil . 

lO-H 

23-2 

23*4 

21'7 

Iodine value 

TO-fi 

70-5 

04-5 


Loss in weight on lioating . 
Partially Oxidised Oil - 

•• ' 


2-5 


Oxidised acids 

27-7 

23’2 


utr> 

Unoxidised acids . 


U-& 



Unoxidisod Oil— 





Oxidised acids 

40 

40 

4-8 

4-2 

Unoxidised acids . 

15-3 

10-3 

)8-2 

16-6 

Total oxidised acids 

.39-6 


41-3 


Total imoxidi8€d acids . 

42-0 


42*5 


t " 


_ 




• At tempmtiire tlic oil “turns,” i.e. passes from the liquid to the Bcml-aolld. 


The linoxyn on saponification gave 83 per cent acids soluble in 
methvlated ether containing 72 per cent oxidised acids {I.V. 65'0) 
aiid fl-O per cent unoxidised acids (I.V. 92'5). 

Ingle concluded that under the above conditions age increased 
the quantity of linoxyn in the oil at the exjjense of the partially 
oxidised oil. It also increased the amount of the unoxidised oil, 
while the iodipe value remained the same. Thfl oxidised acids 
in the partially oxidised, oil decreased. There seems to bp no 
evidence of autoxidation, as no decrease in the iodine value is 
observed (the change, in the WTiteV’s opinion, indicates gelatinisation). 

Heating increases the linoxyn, reducing the partially oxi(^d 
and slightly increasing the itnoxidised oil. 

With reference to the dura.billty of coatings containing blown 
oil. there is ja difference of opinion. ' Generally the polymerised 
oils give mc^’e durable coatings..' If in the ox^ation a high pro¬ 
portion «f peroxides is left in the oil, it may on weathering be 
expected to yield the superoxidised oil of Reid * to the detrinlenl; 
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C-0* 

of durability, but if an oxide \ / were attained, durability* would 

0 . 

be expected. The superoxidised o*il of Reid is considered by 
Wegner ’’ fo bo a reversion of gelation of linoxyn to the semi-fluid 
condition. . The oxidised oil jH'oduced by blowing or by cold 
boiling after tbo formation of ])eroxides (drying process) would 
be decomposed by lengthy exposure with the formation* of fluid 
ats'dio products accoriliBg to one. of the schemes : 



—CH—CfJ— 

-cir cii 

—CO CO— 

(1) 

1 i • *-> 

!1 -1- 1! 

— > 1 + 1 


<) -() 

0 0 

-rO., on OH. 


—CH-GH- 

_ 

-cn. CO— 

(2) 

! 1 

-l-HjO- 

1 + 1 


() —0 


OH OH. 


' These products may be neutralised by bases, as in the case of 
lead white or whiting, to forpi more oi- less brittle (sTatings, but 
if the ])aint consists of inert pigments,•smdr as china (day, barytes 
or iron oxides, the films will be sticky and easily removable.' The 
same greasiness due to the formation of acidic decomposition 
Ijroducis occurs in the manufacture of linoleum by the oxidation 
of linseed oil in the ]jrosence of ihanganese driers in the Walton 
shower bath. 

Absorption of Oxygen Raw, Boiled, and Polymerised Oils.— 
The tnbl(( on following page shows the absorption of oxygen by 
raw, boiled, blown, and polymerised oils (Morrell and de W'aele, 
p. 63). 

There are many patents dealing with the blowing of drying oils. 
Brin's Oxygen do. blow in pure oxygen.® AndreMi * ozonise^ the 
air previous to blowing it into slightly warmed linseed oil, and to 
prevent over-oxidation a certain (juantity of hydrocarljons (|?.p. 
above 100° 0.) or gi'ease is added. Electrolysis by dilute sulphuric 
acid in an emulsion <jf oil, and the addition of sodium peroxide to 
facilitate the oxidation without addition of tyiy other drier (Bernet), 
have also been proposed .T * 

The oxidation by air in ultra-violet light has been tried, and 
Marcusson has d(;scribed a nndhod for thickening oils by silent 
discharge to producie V''olt<'ile. Rape and fish oils are first thickened 
by blowing in aft. and then electrically treated as shown in Fig. 14. 
The glass and metal (dates are a few miyimetres apart. 

The operation is carried out under reduced pressure (^’^ atmo¬ 
sphere), using 8-10 kilowatts curreht. ^ 

'The effect of jjassing ozonised air into linseed oil at the ordinary 
temperature is essentially to bleach the oil, and the process will 
be,dcscribed under the “ Refining of Linseed Oil.’’ 

In pra(3tice the danger of spontaneous ignition during the blow¬ 
ing is avoided by heating the oil for a long time at J50°-260° C., 
so as to allow polymesised flakes to settle, and decanting off the 
clear oil before blowing.^ \ The flocculation of linseed oil in _the 
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The.Appakknt Absoeption of Oxyoen by Raw, Botled, Blown, 

AND Pol.YMKKISED OjLS r 



(Increase in Weij^At.) 

[(!f. Andd'.s Dryiuu anti lioiled Oiln, 1901.] 

Ollvp oil (ill winter 

0 07% 

in 2 days 

1 TiyVo 

in r» tlays 

3-35>% in 12 days 

5 0",', in 24 days 

time). 

Baltic lliiHoctl oil 

3 8'!;, 

.,3J 

13 0% 

,. f'S „ 

17-02% .. 83 „ 


(winter). 



(maximum) 


Chlim wooii oil 



n 73% 

„02 

13 40",, in tiays 


(winter). 

KaHtlmliiin linneeii 


„ili „ 

' 10 3",\ 

(maximum) 
14'2'.‘„ in 9 days 


Oi ,7 

oil (Kintinier). 
KaHtliuiian linseeii 

000';; 

, „ S’t „ 

i 2 0% 

2 02";, „ 82 „ 

10 9% „32 ,7 

„ 

oil t.hlfken<*(l TilKi- 
r»3(r l'\ 32 lionrs 
(winter). 









Polviiierisetl nil. 

■1 '.‘"o 

„3| „ 

M 0",', 


9 0";, „ H2 „ 

10-8% ,. 27 „ 

Stand oil (huuinior) 




Boiled oil (I'onial.i- 

11 -8% 

„ 1 day 

14 0"[> 

„3i 

12;')% „2fi „ 


ine loa(\' (Hummer) 
Idnseed oil lieuted ' 

Jo 3% 

„ r» hrs. 

17-4% 

81 lirs. 

17-4% „ J day 

17 4';;, „ r> „ 

ti» 280” (’. and 2'’., 




(iilm dry) 


I’b. Mil, radnatp ' 
adiled. 






Boiled oil contain- 

i:> 2% 

„ 10 ,> 

14 0% 

„ 24 da.\s 

12 8% in 23 days 


ins lead and man- 
eaneKc (suniiiier) 







Double - linileil oil 

10 1% 

„ 10 

14'2% 




(Miimmer). 

Linseed oil, 2"„. 

14 J% 



.,81 



lA'ud iiiarmaticKe 



(lilm dry) 



resiiiate (no lieat) 
(winter). 




1 



Linseetl tdl blown 


li days 

1T) 1 % 

ill 21 „ ' 

13-7?t „H „ 


at 100-140“ ('.. 3 
years oltl (smtimer) 




. 



(.\)ld blown linseed 

*> f>(W^ 

.,11 .. 

115% 

n •' 

10-7% „8 „ 

(lUm dry) 


oil ((.'ulcutta) <‘on- 
talnlng icad 
(summer). 









Cold Uown lins<‘('d 

]2-3% 

„ 5 hrs. 

10-7% 

„ 84 lira. 

17-lVo in 1 day 

17-0% ,,14 days 

oil with Mn 

rrslnate <v1nter). 




(ttliu dry) 



. Blown ..t I.W* 

u-'»% 


10-5% 

,>»i „ 

10-5%, „ 1 „ 

17-5% in 14 „ 

liiiMcdoilt 2% Mil. 
resinate (winUT). 

A 0 





(Him diy’) 



boiling process is not always due, to the presence of protein and 
carbohydrate mucilage,, but is caused by adulteration with fatty 
aMd glycerides, wliich polymerise at a temperature of 240°-260'’ (1, 
yielding insoluble gelatinous products.) When polymerisation sets 
in, linseed oil is enclosed in the solidifying jelly, but on further 
heating and stirring the jelly suddenly breaks, and spongy, slimy 
flakes separate., These flakes harden in the presence of air during 
the blowing process, and frequently ignite spontaneously, causing 
explosions and lires ; chief among the adulterating oils are Chinese 
woq^ oil and candle-nut oil.^* 

Polymerised Oils (Stand Oil, Lithographic Varnishes).— Linseed 
oil euid drying oils generally thicken on heating at rates depending 
on the composition of the oil. L. Limis (1835) in Bcnnebroek, 
Holland, described a method'for the preparation of thickened 
Hnseed oil b(F wliich the oil was boiled strongly and then allowed 
■to bul'n,<«ind the flame extinguished whdn-the desired thickening 
wa^ obtained.! Oil thickened by this process was named iStftnl 
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Oil by Dcvontcr (1868). Andes considers stand oil to be a linseed 
oil thickened by heat or by sujxirheated steam and a eusrent of 
air. A. U.* Wrightstates that it is identical with the so-called 
lithographic varnishes. Extremely tliicik stand oil is called printers’ 
varnish, hut as a painter’s material this oil alone, finds no apiili- 
oation.’* 

From a summary of the authorities it is ailvisable to consider 
stand oil as linseed oil polymerised by heat without driers and 
without blowing.^ * 

In AiiKirica it is known as lithographic oil. The heating of 
*the oil is jjerfornied in a kettle, cnameiled or silvered, of aluminium, 
or eopper-bottonusl, oi even iron alone, depending on the colour 
desired.*'* If the heating bi! |K'rformed out of contact with thi; 



FW. U.—‘IlepUmie’a proooss. A, drum ; B, inrtal plates; C, glass plates; D, pulley; 
E, baffle plates; F and (1, clcftrie cwnnctttions. 

• * 


air, the kettle is provided with a form oft .si)ecial lid. Otherwise 
a lid of the usual hood form may be employed connected with a 
flue or suitable condensing system. The kettle may be heated 
over a fire or* by mperheated steam. If iron or copper vessels 
are employed, the <‘'ilour will be dark,due to the action of oil on 
the metals. 

When luiseed oil is heated out of contact with air, polymerisation 
eqfiues.^ The table on followit^ page shows the changes which 
Baltic oil undergoes when Imated in an atmosphere of carbon 
dioxide at 260“ C. • 

There is a notable increase in the proportion j/f solid acids; 
they are, howevpr, transparent and of gummy consistency. By 

' • The bodying of linseed oil may bo effected by treating with small quan¬ 
tities of sulphur, which element anpears to control the degree of polyrjterisa- 
tion of a number of drying oils. , 
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i 

Haw OU. 

12 Hours. 

5(1 Hours. ^ 

77 Hours 
(oil solid). 

Sp. gr. ir>-5° C. . 

n.. 25'^ 0. . . 

Iodine value 

Oxitlittod ocuds per cent . 
Solid acids • . . . 

Iodine value of solid acids 

oW>i 

l-48f)8 

(>•78 

5-25 

17-5 

0-9423 

1-4835 

175-2 

0-29 

7-03 

0-9604 

1 -4936 
119-8 

0-5 

1-4790 

3-'24 

48-8 

86-4 


• Fttcliiul aJul Dortii’s aci'toiu* inctlUKj. 


boiling tho solid product with amyl alcohol to remove any linoxyn, 
de Waele obtained an extremely tongh insoluble lesidiie. which 
had an iodine value 94 and was very resistant to the action of 
alkalies. He considered it to b(! a closed ring compound {Cyclolin).“ 
When other drying or semi-drying oils are heated, tliiekening 
occurs at different rates, as shown in the following table : 



Lins(M‘d (Mi 

• 

Cluiia Wood on. ! 

1 

Vo|>py SiHHl Oil. 


lUw. 

Tliiik(‘ne<l 
; in l’()« at 2W)'- 
280" V . 

281 hours. 

Haw. 

'rhlrkeiH-il In 
(’Os at -240 

20 niiiintes. 

Kaw. 

Tliifkened 
in COj at 
260 C. 

28 hours. 

Ip. pr. (15" C.) . 

0-1)23 

00(50 

0-0105 

0-056 

0-9212 

0-0354 







, (18'M\) 

(22" (\) 


1 4831 

[1-4015 (10” 0.) 

1 5172 

11-5134(15'’ ('.) 

1 4738 

1-4702 


(10' C.) 



(14^0.) 



(20" (.’.) 

(22" 0.) 

dolccular weight (iu 



707 




900-10 


W'O 

1(58(5-1701 

1431 

777 


0-4 

1- 

7 

3 3 

2 

3 

32-33 



107-203 

2()0-3 

102-4 

im)-20i 1 



.V. (Wljs) . . 

, 185 1 

118-34 

165-8 

143-171 

130-6 

115-32 

Jlyceryl^per cent . 
’ryst. hexabroiuide . 

1 0-«2 

10-4 

10-47 

«-3 



33-5% 

None 

None 

None 

60% 


retTabroniu*aei<l « . 







6% 



Holuble. 

IiiMuliible 


Soluble i 

iDsoluble. 



iolublUty lu^cetone. 

100% 

41*52 

42-60 

100% 

46-6 

72-2 

47-6 

27-8 

Completely 

soluble 

Conipletelj 

soluble 



O-0527 



(210"C.) 

(210”(;.) 



)p. gr. (15”C.) . 


0!)7(>3 


(>•9542 




‘d . . . . 


1 4840 

1-4001 






il.W.'ln benzol 


004-75 

1788 


876 






2517 






Icidity . . . 

;.v. (Wljs) . . 

• 

7 5 

!)2-143 

0-2 

97-121 


2-47 

76-151 

03-157 


* 


'( Olive oil and poppy seed oil undergo .slight thickening compared 
with linseed oil, whilst China wood oil can only l)e heated to 2W“''CV 
for tw'enty minutes without gelat,itiisation occurring. ^ Erom the 
figures given above it is evident that the olejc and hnolic acids 
present in olivp and poppy seed oils do not contribute materially 
tq the thickening of linseed oil, the cause of which is due to change 
in the.linolenio acid.j jt is only when the “temperature is raised 
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to 290° 0. that poppy seed oil begins to thicken approciablyy /It 
must be pointed out that the thickening is retarded by the ^acidity 
of the origihal oil, and the high acidity of the poppy seed oil used 
may have unduly retarded the iM)l^merisation of the linolic acid.. 
'When linijped oil is thickened under the conditions given above, 
it contains 50 per cent of an oil of high molecular v^eight, insoluble 
in acetone. Popjiy seed oil thickened at 290° 0. contains the same 
proportion (50 ikt cent) insoluble in acetone ; likewise China wood 
oil at the point of coagulation shows 50 per cent insoluble ia acetone. 
An examination of th* acetone soluble and insoluble portions in' 
'*the ease of Imseed oil showed that in addition to polymerisation 
then! was decided indication of changes in the positions of the 
double linkages of the mixed glycerides of which linseed oil and 
po]ipy seed oils arc composed.- 

Tlie most unsaturated glyceiides are polymerised &'.st, but in 
the (iasc of the isomer of the linolic acid glyceride in 0hina,wood 
oil the polymerisation is extraordinarily rapid,oind will b(! referred 
to in detail later (page HI). Thc.jiolymeriscd mole(#ilc.s are not 
very firmly held, because on being Ha|)onified by sodium methylate 
at the ordinary temperature they gave a monomolecular methyl 
ester which ))oiymeri.sed on distillatioli in a vacuum.'^ In the case 
of tung oil there was no indication of change in jmsition of the 
linkages other than farlymerisafion. The drying power of the 
thickened oils is reduced, and the. viscosity varies according to the 
conditions of heating. As will be mentioned under China wood 
oil, polyjiieiisation proceeds rajjidly with tlu! formation of stiff gel 
which is insoluble in petroleum. In linseed oil polymerisation can 
be carried to the same stage, the change proccicding gradually and 
being easy to control. This gelatinous product has been referred 
to on page 54 as cyclolin. , 

Ixiods gives the results of the examination of a mumbor of 
lithograpliie varnishes :— 


• 

S < 1 . at 
ir>' 

s.v. 

I.V. 

Oxidised 

Aridfl. 

• 

llrxabruinidati. 

Raw linseed oil. 

0')321 

194-8 

169.0 

0-3 

24-17 

Tint varnish 

0*9584 

197-5 

113-0 

1-5 


I'hin varnish 

0 9661 

196-9 

100-0 

2-5 

2-0 

Middle vamisl^. 

0-9721 

197-5 

91-0 

4-2 


Strong varnish* 

0-9741 

190-9 

86-0 

6-5 


Burnt thin varnish* 

0-9675 

195-5 

92-7 

(T-85 

d-’o 


* Burnt thin varnUh in made by heating tile oil t>o its llaHii point and allowing it to burr 
quietly with constant stirring. • 


For further literature on the subject reference may be made to 
a number of authojs given at the end of this chapter.** . 

Theories of Polymerisation.—Sal way *“ suggested that in the 
polymerisation by heat the change might be represented by the 
follo'wing scheme: 
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CH,—()^-CO ■ X • CH -OH,—Y—CH=CH • Z. 

CHOB 

I 

CH,. 

CH/ 

CH—OR 


R—acid roflicle of unsatu- 
ratod oil. 

X, Y, and Z rm)roscnt CH, 
and (dl, firftupa reancc- 
iivoly in tlio acid radielo 
R of the unsuturated oil. 


CH,—O-JCO ■ X ■ CH—CH,—Y-;CH = CH. Z. 


The acid formed is attached to the double linkage in the new* 
diglyeeride as in the formation of .suljfhuric e.sters of unsaturated 
acids. Such a compound polyraerLsea according to the sehetiic given. 
On sajfonifieation a polyglycerine ought to lx; formed. In the 
opinion of the writer tliLs could be established if the sodium glyceride 
produced By the action of sodium methylate on the glyceride were 
exanfmod, which as yet has not been done. Salvvay found that 
the reduetion of the iodine value is accelerated by tlie addition of 
fatty acids and retarded by the action of glycerine, and that when 
fats are heated to the polymerisation temperature fatty acids are 
liberated. The hypothesis is attractive, but fmther investigation 
is necessary for its confirmation. Staudinger “ puts forward 
another type of polymerisation p(eondensed polymerisation); e.g. 
crotonic ester CH 3 OH: OH • COOOjlIs to dierotonic ester; 


OHaOH-CHj-OOOOjHs 

OHjCHiC-COOCaHs. 

'When the esters of the unsaturated acids from drying oils are 
distilled, polymerisation ensues, depending on the nature of the 
ester* (cf. Morrell, “On the distillation of methyl elaiostoarates ”; 
and Kronstein, “ On the distillation of olive oil, arachis oil, cotton 
seed* oil, eCc.” ; also Krafft,'‘i and Rdmer and Bauraann.^^ 

If the linseed oil acids be heated at 270° Q. in carbon dioxide 
for six hours, there is a reduction in the acid and iodine values, 
bi4 not in the case of thb saturated palm oil acids. The fatty acids 
are generally less easily polymerisable than the esters. It has 
been known for a long time that the thiol^ning of linseed oil is 
accelerated by alkahes, alkaline eaiths, or carbonates. Walton, 
Pamacott, and Taydor used 5 per cent chalk.“ 4 > 

In commercial samples of calcium linolcate there are found 
smaller or larger quantities of jmlymerised oil, and the quantity 
depends on the amount of lime or the temperature of manufacture, 
•dn oKler to polymerise the fatty acids from the drying oils, or in 
the manufacture of a thickened oil fiom the linseed oil acids,'it 
is necessary to add considerable quantities of lime to cause the 
thickening>without loss of material. The presenpe of small quantities 
of lime has no deleterious effect on the durability of the oil. Axelrod 
used met^lic*chlorides (aluminium chloride) in 'place of alkaline 
earths or alkalies, and found that 3 per cent of the chloride gave the 
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desired viscosity at as low a temperature as J()0°-15()“ but the 
oil must be^ washed subsequently with water-to remove acids and 
chlorinated bodies, which is not a desirable process. > 

Mareus.son has described a jwocess for thickening oils by 
silent eleetric discharge to produce V'oltole (see Mg. ^4). 

Advantages of Thickened Oils.—The incorporation of thickened 
linseed and other drying oils into paints and varnishes gives a coating 
of greater durability and jwoteetion aga,inst corrosion; Friend, Toch, 
and Ingle have each j)ublislied resiiltk of exposure tests of paints 
on ii-on which undoubttully support the view.^^ The formation of 
ring complexes consequent on polymerisation nr of le.ss unsaturated 
.substances, according to Salway’s view, will retard the breaking 
down of pei'oxides or oxides of the glycerides on weathering, and 
will redu(!e any tendency of jieroxide formation extending to other 
doubly-linki’d carbon atoms during the drying; th*i may be 
observed in the case of (Iiina wood oil, which, when unpolymcwiscd, 
rancsidifii's with the formation of volatile aldehydes juolluced by 
the disriqition of a peroxide grouping. The reduction in the 
water-absorbing ])ower will be referred to in detail subsequently. 

it must be mentioned that tho^ amount of polymerised oil 
present in an oil or vainish mixing must lx“ carefully selected so 
as not to inteifere with the smoothniiss of working and to prevent 
drag. Bolymerised oil add.s to the quantity of thinners required 
to give suitable viscosity, with the rtsidt that evaporation is more 
rapid on appli(!ation of thq varnish, and often causes shortness. , 
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CHAPTER IV 


EXTRACTION, BEFININO, AND BLKACHINC OF LINSEED OIL 


Distribution and Sources of Linseed.—On tho importation of 
linseed depends the supply of paints and varnishes in the hnilding, 
engiitecring, and dceorativi; trad(xs, and for the raanufactui'e of 
linoleum ; during the Oreat War linseed oil was an important 
source of gfyeerine. The following table gives the linseed crop of 
the most important producing countries : ^ 



1914-lH. 

i!U‘) 



T<hi« 

Toils. 

Tuns. 

Argentine 

008,480 

1,067,830 


liritish Tndia 

467,380 

« 238,770 

439,9.70 

U.R.A. 

337,420 

226.5r>0 

272,210 

Canada♦ . . . 

193,320 

139,010 

273,210 

Belgium 


10,300 

22,510 

Brititjh Ulos 

12,870 

13,040 


Italy .... 

M.lfiO 

11,000 

9,000 

,Kgyp/. 


1,4.70 

2,7.70 

Tunis .... 

1,000 

1,400 


Algiers .... 


190 


Rumania 

tVsio 

4,980 

2,700 

Bess^abia . 

2,310 

2,550 

* 

1,260 


> In ^18 the total yield was SUU,OOU tons as compared with the previous year’s average of 
35u,0U0 tens u year. 

• 

No recent returns are available from Russia. 

The oil seed crushing trade is probably one of the oldest 
industries in tho world, and yet it was left for th# Great War to 
bring about fuir recognition of its vital importance. Tho major 
portion of the oil seed crops of the world is produced within the 
British Empire. The total consumption of oils for industrial and 
edibfe purposes in Great Britain is estimated at 600,000 tons 
annually. No system has bpen discovered which would enable the 
whole process of manufacture to b^ conducted automatically from 
the cooking kettle to the oil expression, and this is a stage whore 
there is muct scope for economy of manufacture. In a well- 
appointedrmili on a pre-war basis the whole .operation of receiving, 
crushing, cooking, pressing, oil filtering, and delivery of produce, 
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• 

inclusive of interest on capital employed, depreciation, power, 
labour, conjjuniption of store,s, and general working ehai'g(!iJ, could 
be carried on for le.s8 than £1 per ton, and this tipon a raw Tuaterial 
whose original average cost would not exceed £12 per ton. 

t 

Imj'Orts fob Consiimction of Oil Skf.us in 1913 




Soya. 

(V)ttov Sml. 

[Tiiited Kingdom. 

fi54,8l2 tons 

7«,4.')2 Ions 

(il.'),382 tons 

U.S..4. . . . 

132,357 „ 

Not sopnratoly 
distinguished 

Not separately 
distinguisliod 

(Jermany 

r)()0,323 mot. tons 

125,75(» mot. tons 

219,797 met. tons 

Nctherlaiida 

2(m,()35 „ „ 

27,554 „ „ 

219,797 „ „ 

Frfinco . 

237,40e „ „ 


Not #:cparatoly 
d istinguis^ed 

Belgixim 

259,105 „ „ 

Not separately 
distinguished 

Not separately 
distinguished 


1913 was considered as an abnornijilly high year for linseed. 

On conversion of the seed into oil values and deducting the 
figures for re-ex])ort, .1. W. Peivrson has compiled the following 
table for 1912-14, 1915, and 1910 : “ 





« 






— 


l)il TmporiH (equivalent 
of Seotl Imports). 

(HI Exports. 

Oil relaiueU in II.K. 





— 





-T 


J(H2- 

tf»14. 

11)13. 

1010 . 

1912- 

19J4. 

1915. 

1916. 

1912- 

1914. 

1915. 

1916. 


Tims. 

Toiw. 

Tons. 

Tons. 

Tims. 

Tons. 

'ftms. 

T*)ns. 

'{ODH. 

Linscoil oil. 
•’otl.on seed 


123,554 

151,710 

27,502 

55,927 

24,761 

130,.562 

07,027 

120,949 

oil . . 

127,.'ilO 

117,911 

60,212 

26,360 

36,082 

3,397 

101,150 

8/^829 

5(»»R15 

fish oil 

03,811 

0^872 

109.061 

8,229 

4,570 

1,140 

55.582 

8 ffi02 

107,915 


During the war the demand for oil seeds was increased by 
tlwee main causes: (1) the demand for jpycerine for explosives, 
which involved “ splitting ” a quantity of ’oil far exceeding the 
normal requirejients of the soap trade ; (2) the demand for edible 
oils for margarine ; (3) the inaintcnan(“c of the supplies of feeding 
cake for oattk lortunately the British Empire possessed the 
very substantial advantage that the supply of oil seeds was amply 
sufficient for the requirements and left a small margin for eitport, 
as shown in the table above. By the system of prohibiting ex- 
portation from countries of ofjgin to* dekinations other than the 
Umt^ Kingdom or^ the Allies, except under special licence, it was 
possible to secure in this country any quantities reqtSred for which 
shipping was available. • 

The largest exporting countries for linseed are the Argentine, 
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Russia, India, and (Janada. Tlie general oil seed produetion of 
India is already great, and is cai)ablo of further ine(ease.'* Tho 
total estimated area (1919-20) under linseed in India was 2,245,000 
acres, chiefly in the tVntral D.'ovin(^e.s and Berar (36-2 per cent of 
the total ania wider linseed is in British India; the United IVovinees 
aeeount for 28-9 per cent, Behar and Orissa 22 |wr cent, Bombay 
5-2 per oent, and Bengal 5-5 per cent). The fianadian crop is 
absorbi-d by the United States, a surplus linding its way to Europe 
only in bumper years. Although the United States produce nearly 
400,000 tons of linseed annually, the full needs of tlie American 
seed crushers and paint manufacturers can onh’ be met by large 
imports in addition. 

China is iiecoming a linseed exjiorting country. The Soya 
bean export from China, Matudiuria, and Japan is on the decline, 
having faBen from 4(H),000 tons in 1919 to a much lower figure. 
Rus.<Sa is a great linseed exporting country, from tfu; Baltic 
provinei's as flax s('ed and from Southern Russia as Stepiie seed 
for caho aftd oil. Though Russia's amiual ju'oduction of linseed 
averages over 500,000 toms, her exports in recent years have not 
averaged more than 1.50,000 .tons a year. For some time to come 
no larg(* exiiort can lie ex]s'efr^d from Russia. Small quantities 
of linseed of the branching variety have been grown in England 
with satisfactory results.'* The Variety which succeeds best is the 
La Plata seed from the Argentine. The seed from the variety 
grown in England is superior in size, in apjaiaranee, and in oil-content 
to the imported seed from which it was raised ; thus 1000 La Plata 
seed^ obtained in 1913 weighed 6'l-6-4 grams with an oil-content 
of 38-384 per cent, while 1(K)0 English-grown seeds from the same 
variety weighed 7'192 grams with an oil-content of 38-2-42-8 per 
cent, Thp 5 dcld' of linseed oil from seed grown in England does 
not show a progressive decrease of oil, since successive crops have 
maintaincYl their high content of oil over a period of three years 
(1912-15). The yield of seed per acre was 15 ewt., and the oil 
productiofc, allowing for the manufactirre of standard linseed cake, 
was 35-45 galls, per acre. There is no difAcuity in growing 
linseect; it thrives on rnoderately good land, the best results being 
obtained on heavy, loamy soils. It is also specially suitable to be 
grown in rotation with com, and does well on recently ploughed land, 
as it is not attacked by wire-worm. Although the seed is not 
entirely ripe when carried, it continues to ripen fei tho “ stock,” 
but previous to this the fu)l content of oil has been assured. The 
ripening is accompanied by a rise in the iodine value (Eyre, private 
communication). The oil expressed from tho seed is equal in quality 
to Baltic oil, and if the present quality of seed is maintained, British 
linseed oil will always comutand w Wgh price in the market.® It 
can be grown in North Britain (ESfe), as well as in the Midlands 
and the South of England. <■ 

The write/has deemed it advisable to make reference to British- 
grown linseed*to show that the country can in case of an emergency 
produce oil seeds and oil, and the method of cultivation on high- 
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class land is bound to give better Ie.sults than the more primitive 
methods in use in Russia, Argentine, and India. , 

[t must be remembered that the flax or linseed plant (Linum 
iisitatisgimiim) is grown in some enuntricw for fibre only (North 
Russia, Canada, IV'lgiurn, Holland, and Ireland), and the best 
seed showing the highest ])ercentage of germination is pre.served 
for sowing. It is stated that selected Canadian seed gives a better 
flax (u'op in Ireland than Dutch seed. The true flax-bearing plant 
“ Line ’’ has a straight unbranched stem about 40 ineluis high, 
consisting of a <s)re, an outer covering, and an intermediate layer 
of bast tissue. It is the bast ti.ssue which gives the flax fibre, which 
requires a separation from tlu! core and outer covering by retting 
and scutching before it can be spun for linen. This variety is not 
the best for producing cake and oil. Tlu^ variety grown for seed 
only (linseed) i.s branching and shorter in the stem (18-^4 inches), 
ami its libie is of riilatively small imjautanee, although it e*n bo 
retted to produce a coarse, dark-coloured flax which can be spun, 
but cannot be bleached. The yield of .seed per acre fnum the flax 
plant is ti-lO cwt., whilst the seed varied,y (English) gives 10-20 
ewt. )a'r acre. The; .seed fiom the branching variety is larger, 
and yields ;i0-40 per e(‘nt of oil. lt*i.s from the Baltic Provinces 
(Riga, Pskoff, and Jlinsk) tluit thee flax sesal is consigned, and after 
one yeai’s growth in Holland passes to England and Ireland as 
*■ IHga-t Ihild tSeod " ; whereas the seed (Ste]))K' seed) imported 
from South Itussia is crushed for cake and oil. The yield of oil 
from the different varieties of linseed varies with the locality, but 
not greatly. 

Morocco seocl (Mozagan) 41% oil Plato soorl . . . 38-39% oil 

Steppo aood . . . 39% „ l)ut,cb (white flowering) 35-.9.9% „ 

Pskoff .... 38% „ Indian seed . .« . ^37-41^ „ 

For fuller infonnation as to the differences between the varieties 
of linseed, reference may be made to the publications of the Bwtish 
Flax and Hemp Grtiwers’ Society, T,-VH. • 

In the prairie provinces of (.lanada the flax plant is grown for 
seed only ; in Ontario it is grown for seed and also for flbr<*. 
cultivation of the flax plant in Canada for ijie ))roduction of linseed 
is as a rule an undertaking distinct from its cidtivation for flax 
fibre. When fibre is to be produced, the seed is sowm closely and 
the stems are ]»ulled out of the ground before the seed is fully ripe. 
When the seed is required, the sowing is thin In comparison, in 
order to allow the plants to branch freely, which is undesirable 
if the fibre is wanted. As fris! branching leads to the formation 
of flowers and seed bolls, the harvest yield of seed is obtained' from 
a crop that has stood thinly on the land. 

The writer has devoted cAsideralblo space to a description of 
the cidtivation of linseed compared with that of flax (lino). He 
has found that there is a common idea that linseed%)il is obtained 
only from the flax-yi^ding plant. The flax from Cahadian linseed, 
unless the seed is carefully selected, is of inferior quality to that 
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of the Biiteh-Riga varieties. The branching plant is more sturdy, 
and r«jferenec to the cultivation in England of the two varieties 
will convey a better idea of the conditions under whicli both may 
be grown. , 

Extraction oi Linseed Oil from Linseed.—To extract the oil 
from the S(:ed,'hot or cold i)rcs.surc may be (unployed ; the former 
is the most common, whilst the latter is only resorted to when a 



Fig. ir».—Varieties of flax plants. Loft tx) riglit: Moroccan, Steppe, La I*lata, Dutch. 

pale edible oil is required, as in Russia, India, or in parts of Germany. 
The proccs.s is essentially *an engineering problem. The broad 
general methods are two in number; viz. the employment of pressure, 
OP extraction by solvents. It is inadvisable to go into the many 
details of the plant used, which have been described in many 
monographs on the subject. ThoiS-eader who desires to obtain 
practical information on the subject is referred to a summary of 
the literature ^ven at the end of this chapter.® 

4 very J^nef summary of the processes with diagrammatic 
representations of t^ie plant employed, must suffice. 
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If tho seeds be. small they arc crushed in hydraulic presses and 
the oil forcgd out of the seed. When the seed or meal is Jieated 
during the process of hot crushing, the oil produced is known as 
hot-pr<^ssed or hot-drawn oil; .sw'.h oil is dis(!oloured by its 
having dissolved during the expression an excesijve amount of 
colouring niatter. I’he cold-drawing process leaves usually a 
considerable amount of oil in the cake, but it is freer from impurities, 
such as tmicilago, and is of a l)ettcr colour. By either hot or cold 



Fig. 10.—Rolls for Iluaceil. (Manlove aud Alliott.) 

• 

process not mor<» th.in 90-9.5 per cent of the toln.1 oil is removed 
from the press (ake. The second prodhss extracts all tho oil from 
tho seed by use. of solvents, benzol, petroleum, carbon disulphide, 
or carbon tetrachloride. The process in outline consists in allowing 
the solvent to percolate through the seed or meal in a closed vessel, 
drawing off the solution and distilling’off the solvent. 

Anglo-Americaa Crushing System. —Linseed, rape seed, and 
similar small seeds do not entail preparatory maclSnes to reduce 
them to a form suitsjDle for treatment m the subsei^uent recovery 
process. Such machines are specialised, and are designed to deal 
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t)4 

with one particular class of scM or nut; e.g. for reducing copra 
and converting it into meal. 

The oil seeds (linseed, rape, etc.) are first drawn' through a 
magnetic separator to remove pieces of metal which may have icon 
added to bring up the weight of the seed, and pass l)y.an endless 
band conveyoi'to th(! crushing mills. 

Seed Crmhmj .—This ojairation is performed in a crushing mill 
which consists of five rolls, 10 in. in diameter and 42 in. long. 



17.—Kettle aiu! moulding ituicliine. (Hose, Downs A Tlionipson, ltd., Hull.) 


stacked vertically, and quite plain on the surface. As a rule 
they are ground very true and are forced on to their shafts by 
hydraulic pressure, and thereafter keyed at both ends. The lowest 
roll is driven at both ends and is provided with two additional 
pulleys, from which belts are'takcui to similar-sized pulleys at each 
end of the third and fifth rolls. -I'he bearings for all the rolls 
except the loMiest are free to slide vertically in their housings, so 
that the pressjire exerted on the seed increases with each step in 
its descent. *The capacity of the rolls is about 15 cwt. per hour. 
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Heating and Mmdding .—^The heating of the crushed seed or 
meal facilitates the expression of the oil, helping to ruptute the 
cells in which the oil is contained; moreover, the viseosity of the oil 
is reduced so that, on pressing, it flow* away more freely. Heating 
also coagulates the albuminous matter which is riivained in the 
press cake. Frequently a little steam is admitted direet into the 
kettle, not so much to heat the meal but to improve its condition 
and to fijcilitate the flow of the oil; the supply of steam must be 
carefully regulated, as excess retards the expression of Tthe oil. 
TJhe time and tcmix'rature may be twenty minutes and 170°-I80° F. 
lesjjcctively. The inflow of dry meal and the withdrawal of properly 
cooked meal forms a continuous prowiss. The meal i.s immediately 
rough-moulded in a machine 


.suitable for the prriss in use, 

and the slabs arc transferrtal (Tl/f 

to the press as (piickly as they ^ | || il: 

‘ 1‘reusing. — In the Anglo- jl j! |jj=£ 'J I 

American ])ress the s])ace be- > 

tween the ram and the toj) j)late , , ^p| 

is provided with a number of 
iron [)latea (ten to twenty), ^ j IBl 

susjHjnded evenly one over the ' ; 

other. Retween the ] dates are 
pliKJcd cakes of uniform sir^i as I 

they come from the moulding f 

machine. On tin' application fai a 

of pressure the plates arc fori'cd , -» % T w Ml _ 

together, thus squeezing the (![ |S J 

oil from the meal and causing (IPil— 

its exudation through the. cloths || [| ft| J|| |lj j| 

surrounding each cake. It has If ‘i'ljj — 

been found in practice that the - -'t--x|irTi—an CT 1 * * - 

expression of the oil depends — ' *—^ * 

more upon tho previous pre- —————— 

paration of the material than 
on the actual pn'ssure dc- , 

velopod in the press. On th(' release of the pressure the plates 
all again into correct positions. The presses are designed for 
a pressure of twi* tons per square inch. The columns are of mild 
^el, and the press h is a large receptimle for thd expressed oil, 
irom which the lattei’ is conducted to underground tanks. The 
plates may be supported by racks, or by links as in the figure. 

e press is undoubtedly efficient. It is simple and, running in 
conjunction wdth the modern meal-moulding machine, is easily 
M quickly loaded. It is raprily unloaded, but the stripping 
laK™^ press-bagging from the cakes may involve considerable 
anonr, so that special maclunery may have to be installed for 
^chani^l stripping. .The presses are best adapted'for dealing 
win seeds containing a moderate amount of oil. The cake meat 
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is pressed only on two sides and not around the edges. The plates 
are oiten corrugated so as to prevent, as far as possible, the meal 
from spi'oading; this is occasionally successful, but not always so, 
with seeds of a high oil-(!o;itcnt. Eor .seeds containing a high 
percentage of oil a box-cage type of press is preferred which 
permits of a greater pressure being applied to the meal. The 
j)rcss cakes are the linseed cake of cattle food. 

The Solvent Extraction Process. -The ■'i-iO per cent of oil left in 
the press cakes is not a loss to the ei'usher, because the meal from 
whi(^h the oil has been completely extracted is fed direct to catt'e 
without recpiiring dilution with bran and other material, as is the 
case with ordinary pi’ess cake, h'oi inerly there was difficulty in 
getting rid entirely of all the traesw of the solvent both in the 
meal residiu! and in the oil jn-oduet. 'The extraction process is in 
much mere general use in Northern Europe than in England, 
beeSiuse the farmers there are morn aeeustoined to use feeding- 
.stulls in the form of meal, while in England linseed cake is generally 
preferred.' 

Messrs. 0. Scott & Sons, Ltd., London, supply an oil extraction 
plant in which sjx'eially dit^tilled petroleum is used as solvent and 
the extraction is carried out at 110° C. Benzol was formerly used 
with satisfactory results, and .the extraction performed at the 
ordinary tMiijwrature, Messrs'Scott claim to produce an oil and 
meal free from solvent and water,. It is of great imymrtance to 
have the meal in a pro^jer condition before being brought in contact 
with the solvent. In the continuous extraction jaocess the descend¬ 
ing stream of oil and solvent from the meal is met by an ascending 
current of steam, so that })etroleum or benzol is carried away with 
the steam. The working charges an; low. although in pre-war days 
the total, manufacturing costs under the extraction process were at 
least 50 per cent greater than under the hydraulic system, but 
this staljpuient has been challenged, and the extraction process is 
n6w given as 2s. 6d. to 8s. per ton cheaper than the hydraulic. 
The coaf required per ton of raw material with a benzol extraction 
may be set down as from 2-6 cwts. and the loss of benzol at 1| 
gallsr.per ton of seed treated. 

The statement by Mastbaum ’ that the extracted oil dries 
slower than the pressed oil must Iks accepfed with reserve. In 
the pressed oil it was suggested that the more fluid glycerides, 
i.e. the unsaturated glyeriridcs, would be expressed first, but since 
linseed oil contains mixe^ glycerides such a differentiation is .not 
possible. 

C. F. Eddy “ in a summary of progress in the solvent extraction 
of oils states that in five normal years before the war a solvent 
extraction plant for flax sped gaye a net return of |1 -SO per ton 
of raw material more than that fi<om a pressing plant. 

The use of proper apparatus has greatly reduced, if not eliminated, 
fire hazardSj dangerous poisoning to workmen, and solvent losses. 
The process which is best for one oil seed isinot necessarily the best 
for another kind. The removal of the last traces of the solvent 
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by steaming the meal is considered to increase the feeding value 
of the meal.. The expulsion of the solvent from the oil by^tcam 



is ooMidered by some to destroy the characteristic odour or flavour 
leaving a neutral or flat taste. Mashiro Aida® has discovered 
est tor .niuiute (luointities of Detroleiim sTiiriti in vpiTAf.u.KiA rtiio 
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Refining of oils is said to be simplified by treating them dissolved 
in th# extraction spirit."’ The witor has observed that the acid 
value of linseed oil obtained by the extraction process is con¬ 
siderably greater than that 'of the pressed oil. Eddy concludes 
that, with irilprovemcnts constantly being made in processes and 
apparatus and with the light that is being thrown on the subject 
by careful study and discussion, the future of the vegetable oil 
industry lies in the adojjtion of the extraction process.** 

A new process has been patented by Bellwood *^ in which the 
meal from the crushed seed is subjected to dry heat and no stcatn 
is admitted, so that all the water in the material is expelled. At 
the same time, in.stcad of slow agitation as employed at present, 
rapid agitation is resorted to and the meal is converted into a 
semi-fluid, and a large ]K'rcentage of oil is separated when it is 
passed into a centrifugal seiiarator of the continuous type, kept 
at ftie same tem]K*rature as that of the cooking vessel. It is esti¬ 
mated that 50 per cent of the oil is removed by centrifuging, so 
that a reduction in the usual pressing plant is possible, as also in 
the cost of bagging before hydraulic pressing ; moreover, there 
will be a reduction in the amount of solvent requisite if the 
extraction process l)e used. Where the oil is liable to oxidation, 
the cooking vessels are covered in and connected with a vacuum 
pump. 

In the case of jialm kernels and co])ra containing 50 per cent 
and 68 jjer cent of oil, the centrifuging laocess rejiioves.88'5 per cent 
and 50 per cent of oil respectively. The success of the method 
deptmds on complete elimination of water from the meal, because 
a small amount of moisture eau-ses the semi-fluid mass to solidify 
immediately. The difliciilty to lx; ovcr<!omc in -the process is that 
of designing a eSmtrifuge which will work continuously on different 
kinds of material. 

.Refining of Linseed Oil.—Limsced oil after extraction from the 
“ meats ” in the pressing process contains foreign matter called 
“ foots ”*derived from the seed. The more unripe and the damper 
the seed the greater is the quantity of the foots. They are reraov- 
{(ble ‘oy settling, filtration or centrifuging, but the separation is 
slow and the oil is inqsroved by tanking, even after careful filtration. 
The foots are partly albuminous and jmrtly of a carbohydrate nature. 
The former elements are generally removed in the first stages of 
tanking and filtration, whereas the latter require «, heat or special 
treatment for their separation. The water in the oil derived from 
the steaming of the lins(!ed tueal during the crushing separates out on 
tanking incompletely, because some is retained by albuminous and 
carbohydrate mucilage, which is itself soluble in water. When linseed 
oil is heated rapidly to 260° C. (5p0° F.) the moisture is expelled 
and the mucilage of carbohydrate''character separates as gelatinous 
“ 8pawn,”'o^the oil “ breaks.” The oil may semetimes bo darkened 
owing to charring of the mucilage. Generally the colour is improved 
if- a well-matured oil is heated, as the mucilage in its gclatinisation 
extfacts much of the colouring matter. The quantity of mucilage 



EXTRACTION, ETC., OF LINSEPID OIL 


69 


varies with the nature of the oil and with its age. Young and damp 
oil gives more mucilage on heating, since the tanking asskta its 
deposition. 'If linseed oil be heated slowly up to 500° F., the 
separation of the mucilage is retarded, possibly due to inereasing 
viscosity oL the oil during the slow heating ; on tlje other hand, 
if the oil be allowed to cool very slowly, part of the coagulated 
mucilage rodissolves or cannot be separated by centrifuging.* 

Mucilage.—The foots which separate out on heating contain 
91-4 per cent oil and 8 0 jkw cent dry mucilage. Thompson “ 
fpund that a sample of freshly expressed oil heated to 400° F. 
gave 0-277 per cent deposit; tliis ligure is misleading as to the real 
amount of miKiilage pre.sent, since much depends on the condition 
of heating. The writer linds that in testing linseed oil by the 
l)reaking tc-st, if the oil be heated to 200° ( '. in a test tube, allow¬ 
ing a rise of 60° (!. per minute and centrifuging one horn- after 
heating while the oil is still warm, the percentage of mucilage in 
the case of a good oil may vary from 3 -0 per c(mt to 4-C per cent by 
volume. If the oil be allowed to stand overnight before ciSntrifuging, 
the amount will fall to 0 -3 jjer cent or even to nothing, showing that 
either the mucilage had dissolved again ])arlly in the oil on cooling, 
or that its degree of dispersion had la-en piodified. Thompson 
found that the mucilage (0-277 p(!r (x-nt of the oil) contained 47-79 
per emit ash (0-117 jxir cent of th'f original oil), consisting of 20-96 
IK-r cent CaO, 18-54 per cent MgO, and 59-85 per <!ent PA- Ingle 
gives to the imnalage a (ioptent of 14-9 per cent ash, of which 2-7 
])er cent consisted of j)hosphat(!s (PjO^). The eomj>osition of the 
mitcilagc must depend on whether tlu^ oil has undergone a preliminary 
refining process previous to despatch to th(^ user, or whether both 
albuminous and carbohydrate Tiiucilage are present. The writer 
has found alumina and sili(!ates in the ash obtained from the spawn 
of commercial linseed oils. The statement that oxidation of’the 
mucilage occurs before that of the oil requires confirmation, as 
well as the statement that the fish-like smell of certain linseed ftils 
is due to the oxidation of the lecithin present in the albuminous 
tnatter in the oil. Thompson found that the S 2 )awn contained less 
than 1 per wmt nitrogen, and owing to the largo amount ofrbas^s 
j)resent he does not consider the assumjjtjpn of the presence of 
albuminoids to be in accordance with the facts, or that the phos¬ 
phorus present ea.n be dtie to lecithin, fn the writer’s exjjerience 
Imseed oil of goq^ quality as supplied from the seed crushers contains 
no mtrogenous mucilage. • 

Tlie natui-e of the non-nitrogenous? “ hops ” is indicated by 
rulger, who obtained a water-soluble mucilage, reacting acid, of 
n ^ nature, to which he ascribed the formula (CjHioOs),; 
or a galactose and pentosane substance, from which 
dextrose, galactose, arabinosef. and xylose were obtained. The 
mucilage contained, calcium, magnesium, iron carbonates, and 
pnosphates in considerable quantity. • 

°J drying oils is to cause a slight increase in the 

speciho gravity and acidity of the oils (Giro. 60, Paint MJra. Assoc.). 
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Neville has investigated the ash from the water-soluble mucilage 
of lineeed. It was extracted from the seed by cold water and its 
content was 6-28 per cent of the seed treated. If the extraction 
be ixirformed by 1 per cent eulphurie acid, the amount of proteid 
matter obtaipc<l is greater, whereas water (ixtractipn yields a 
solution which gives only a slight precipitate with phosphotungstic 
acid reagent. The carbohydrate precipitateid by alcohol from 
aqueous solution is insoluble in all organic solvents. The 
aqueous solution gives gelatinous precipitates with salts of heavy 
metals. Neville considers that this water-.soluble mucilage is well 
described by the term muco-cellulose of Cross and Bevan, iKiing 
a carbohydrat(! showing all the eharae.bu'isti® of hydrated cellulose. 
Like Hilger, he was able to isolate derivativ(« of the galactose, 
pentosane sugars. The jiresenec of mucilage in linseed oil is a 
factor which is often overlooked. The actual weight is minute, 
buteits oil absori)tion is very high, as w'ell as its power to absorb 
water. Its projK'.rties in solution in oil are comparable with those 
of gum-aitebic in water. This absorptive ])ower for the medium 
and for the substancics dissolved or contained therein has its ad¬ 
vantages and disadvantages. Suspended material settles slower 
and the pr<!scnce of water, hold by th(t mucilage, has an emulsifying 
action which retards or may prevent the brightening of a mixing. 
Its effect on the drying ])owci' may b(! detrimental by reason of 
the nature of the mucilage, but at the same time it may act, as 
in the case of gum-arabi(^, as a protectiyc colloid for metallic thiers 
and so be a ju’omoter. Generally its presence may be considered 
as detrimental to good drying, due mainly to its water-absorbing 
powers. 

There are several methods which may be used by a varnish 
maker to remove mucilage from oil. One is by filtration of the oil 
thi^ough fullers’ earth, or by agitating therewith and allowing the 
oil to clarify on standing. The removal of the mucilage by breaking 
thfe oil a^ 260° C. is only possible when centrifugal plant is employed, 
because iiltration of the sc])arated mucilage ig too difficult. Other 
substances have the same power as fullers’ earth, viz. borax, fused 
spdiu^ carbonate, slaked lime, magnc.sium oxide, litharge, and zinc 
chloride (the oil requires subse(pient washing to remove the hydro¬ 
chloric acid formed), dried white copperas (ZnSO.,, HjO), zinc resinate, 
calcium resinate, and calcium carbide. Taine and Hauff ** recommend 
a trace of slaked lime to tie used. Charles de la Jloche claims for 
calcium carbide. M. Ekenborg” removes mucilage by heating 
the oil with glycerine and alkali hydroxide at 100° C. and above, 
whereby a neutral soap separates. For further information and 
•full details as to the refining of oils reference may be made to 
Lewkowitsch (foe. cii.) and Chalmers (foe. cit.). The following details 
will give an idea as to the practicability of two of the methods : 

ISO.galloSis of linseed oil were churned for nine hours with 60 lb. 
of dried fullers’ eai’th (it is advisable to dry the earth before 
using becanse it is more efficient in that condition). After 
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one month’s settling the oil Vas drawn ojff and subjected to 
a breaking heat test. No mucilage separated. 

162 gallons of linseed oil were mixed with 18 gallons of linseed 
oil in which 10 lb. of r.ine resinjite hud been dissolved. After 
a month the oil wa,s drawn off, leaving 5 gallons of cloudy 
residue. On testing for mucilage ,by heatiftg to 200° C. 
nothing separated, but there was a slight dai’kening of the oil. 

The writer maintains that it is possible to prevent the breaking 
of oil on heating .iiid to remove the mueilage by (burning with 
Solutions of («'rtain salts. The concentration of the salt must be 
eonsidered and must not (ixceed 10 per cent. Ten ])er cent solutions 
of sodium chloride and aluminium sul))hab‘ am most suitable. 
Snl[)hurie acid (I in 10) can also be used. 'Pen per cent ammonium 
alum or 10 per C('nt aluminium sulphab* eau.se a coagulation of the 
mucilage so that the oil does not brighten easily. It is advj^able 
to give a treatimuit with a .second qu.antity of the salt solution, 
so as to ensuix! the complete separation of the? foots. It is un¬ 
necessary to give the oil a washing with water, and it is inadvisable 
to do so because of persistent cloudincs.s. 

It must b(^ pointed out that some t)f the processes suggested are 
es.sentially moisture-removing, e.g. sul|ihurie acid, calcium carbide, 
and w'hite co])peras (/5nSO.j, HoOj; some in which tlu; ad.sorptive 
|)owd’ of the substance adiled is the active factor, e.g. fullers’ earth, 
which in addition to rmnoval of mucilage exercises a decided bleach¬ 
ing action ; others, e.g. aerton of lime and eahaum and zinc resinates, 
probably act in ju’eventing the breaking by virtue of their specifically 
alkaline or aci(i reaciions. The action of dilute solutions of salt 
and ammonium sulph.ate are j)robably methods by which the carbo¬ 
hydrate mucilage is actually di.s.solved out of the ojl. It is doubtful 
whether the mucilage is completely removed by any of the prooesses 
mentioned, (ienerally the treatment of the oil by any of the 
special chemical methods is not encouraged, because of tbeir 
ex])ense, and tanking or treatment with fullers’ earth, is on the 
whole preferable.In many varnishes the presence of mucilage is 
not noticeable, but in spticial mixings it exercises, as indicated on 
the previous page, deleterious effects in retarding the settling of 
driers, softening the film, and in absorpfion of moisture during 
drying in thc! air. 

Bleaching of Linseed Oil.---The jialer the linstsed oil the paler 
the varnish oWtidned. so that the importance of .processes to give 
a colourless oil w'ithout damaging its properties is great.! 

(a) 1< ullers’ Earth Method .—^This method is extensively employed 
in England, America, and Germany. It is advisable* to dry the 
earth before adding it to the heated oil. The oil is allowed to 
settle, and is then filtered, it is possible to regenerate the spent 
fullers’ earth by extraction of the oil by a volatile solvent and 
heating to 400° C. to expel water and solvent!. The activity 
M only slightly reduced by the regeneration process. Generally 
the amoimt of earth used is carefully controlled, so as to avoid 
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unnecessary regeneration of spent earth. f\illers’ earth (magnesium 
alumitpum hydrosilic.ate), although valuable for bleaching vegetable 
oils, is of little value for mineral oils. Deposits have been found of an 
aluminium hydrosili(!ate which possesses a bleaching power superior 
to fullers’ eaiith.**; It is stated to absorb 45 per cent to 60 per 
cent of its weight of oil, whilst fullers’ earth, ferrocyanide residues 
and decolorising carbon powder, absorb 100 per cent to 200 per 
cent. Oils bleached by this earth darken less on heating than 
oils bleached by fullers’ earth. If a preparatory sulphuric acid 
treatment is emjiloycd, it is necessary to remove the excess of 
acid before bleaching with the aluminium liydrosilicate, otherwise 
the action is completely inhibited. The addition of a certain 
quantity of the prepared Oerman earth to neutralise the excess 
of acid ])revious to the addition of the main quantity is necessary. 
The earths Frankonite, Silitonitc, and Tonsil are the tnost 
eflfieifnt. With linseed oil 5 per cent to 10 per cent Silitonitc 
(F. and S.) will give an almost water-white product. The oil is 
heated to t'O" C. and then agitated for forty minutes with the 
bleaching earth. It is claimed that light mineral oils (s.g. 0-850) 
of a yellow colour can be bleached in thirty to forty minutes by 
3 per cent to 5 per cent of the bleaching earths at a temperature 
of 80° C. Similarly heavy machine oils can be bleatshed to a straw 
colour by 5 jier cent to 10 per cent of the earth at 120" 0. 

The fullers’ earth process gives the finest and ])alest varnish or 
artists’ oil. 

(h) Sulphuric, Acid Method .—One per cent sulphuric acid of 
66 Be. is added to the oil slowly with agitation. After agitation 
for a sufficient time, the mixture is allowed to settle overnight; 
the dear oil is then dravTi off, agitated with water, and finally with 
steam. After settling, the washing is repeated. Such oil contains 
a little freb fatty acid. The stren^h of the sulphuric acid may be 
reduced to 15 per cent. 

(c) Cakslic Soda Method .—linseed oil is agitated with 3| per 
cent of iti weight of a 15 Be. solution of capstie soda for about 
half an hour or more. The mixture is then heated to 100° F. and 
copled,.to 70° F.. allowed to settle, and the clear part drawn or 
sijuioned off, whilst the, residue is filtered. To the clear oil 7 to 8 
per cent of its weight of fullers’ earth (dried) is added and the 
temperature raised to I50°-I80° F. with constant agitation. After 
half an hour's agitation at that temperature tl^ bleaching is 
complete and tho> oil is filtered. 

This process makes a ver^' pale oil, and if afterwards sun-bleacKed 
it yields thip palest linseed oil obtainable. Sun-bleaching makes 
little or no difference in the colour of varnishes made from the 
oil, because on heating it suffers a darkening to give products of 
the same colour as if the sun-bleachiiig had bwn omitted. 

(d) Bichromate Method .—A German process, for oil to be used 

for amber vas-nishes is described by Sabin (p. 41). 1000 lb. 

of . linseed oil previously heated to 100° F. is treated slowly with 
a bleaching solntipn made from 12| lb. of sodium or potassium 
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bichromate dissolved in 60 lb. of waW to which 3^ lb. of manpnese 
dioxide have been added, and while hot 30 lb. of hydroohlomc acid 
are poured in. The mixture is agitated for half an hour or longer 
and allowed to stand five days (summer) or ton days (winter). The 
clear oil is ^I'awn off and tanked for two months (symmer) or four 
months (winter). 

The above is an instance of many chemical processes which have 
been proposed; e.g. bleaching by use of : MnOj and HCl; KMnOi 
and HCl ; KjCr/), and HCl (all these give chlorine) s supor- 
oxfidiis and dilntt? H^SOj ; calcium carbide, oxygen and ozone. 
Th(^ last is becoming more jtojiular in view of improvements in 
the ozonised air plants. 

Bleaching with Ozonised Air.-^Litisecd oil may be bleached 
by ozonised air to an almost colourless oil. The general type of 
tube employed in the construction of the.se ozonators is illustrated 
in Pig. 20. Alternating electric, current for the operation oi this 
machine is first led to a transformer where it is stepped U]) to a 
potential of about 10,000 to 12,000 volts. One of the transformer 
leads is then brought to the busbar of the machine and the other 
to the frame, so that a complete circuit maj' Ixi traced from the 
transformers through the inner cylinder, across the air-gap and 
through the glas.s tube, which forms the dielectric, to the copper 
plating on the outeide of the glasitube, which in turn is grounded 
to the frame and then back through return leads. As the high- 
voltage (iuneiit passes through tlu; air-gap, it does so in the form 
of bru.sh discharge which forms a [raiple ring completely filling the 
annular opening. This is not a spark, but a true so-called “ silent 
discharge,” although as a matter of fact it is accompanied by a 
rushing sound. The copper tube which is shown surrounding the 
glass tulw is employed for the protection of the. glass, and while 
entirely non-essential as far as the operation of the ihacliiiie is 
concerned, it is of great practical importance, jweventing the 
fiequent breakages and shut-downs which would occu? in cases 
where the gla.ss sinfaces wore left exposed. The water shown 
surrounding the tubes is employed to keep down the temperature, 
which becomes high when the machine is working. In this tyjie 
of ozonator the generating tubes are mounted in a ea.sing so formed 
a.s to provide a chamber at each end of the o])en tube. Air is 
admitted, under light pressure or subject to suction, into the chambers 
at one end of |he tube, and passes through the brush discharge 
and the annular space between the inner and the»outer electrodes. 
A portion of the oxygen of the air is ozonised and the ozonised air 
is conducted through piping to the point of applioatiqp. All the 
air going into the generating chamber is passed through trays with 
bottoms of wire gauze filled with a layer of calcium chloride, so 
as to dry the air and ensure sflfoessfffl operation of the ozonators. 
The actual amount, of ozone which can be generated in a tube of 
this kind is nearly proportional to two factors—^namely, the voltage 
and the frequency of the electric currept forming the discharge. 
The practical limit of’voltage has been found to be from 10,000 to 
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12,000 volts, the limitation being caused by the difficulty of securing 
adequate insulation when this is exceeded. Most of th» small 
outfits are ojwrated at a frequency of 00 cycles. On medium-sized 
])lants 133 cycles is often used, thns securing the double output 
from each tube. ITp to now the highest frequency fimnd in practical 
u.se in the largest installations is 600 cycles. For treatment of 
linseed and similar oils for bleaching, bodying, and solidifying, the 
oil should b(‘ treated in a mixer in which it is continually agitated 
by ri^volving ]iaddl(‘s. Bubbling ozone through the oil is un¬ 
satisfactory and re(juires much long(U' timi? for results. Ra])idity 
of thickening depends on the temperature at which the oil is treated. 
Ran oil treate<l at ()6''-90° tk thiekims rapidly', but the oil becomes 
darketicd. VVlaui run at temperature l)eh)w 40" (!. the thickening 
proceeds more slowly and eight to ten hours are reqtnred for 
solidification, but the oil is bleached. For Ixalying paint or varnish 
a treatment of six hours i.s usually sufficient. For linoleu#r the 
av<'rag(“ tr<'atment is eight to ten hours.*® After treatment with 
ozoui.sed air (Ozonair jdant) foi' twentv-fo\ir hours a s.'tmple of oil, 
to which a tiaee of mangan('‘S(' drier had l)een previously added, 
was almost colourless and gave the following constants compared 
with tho.se of linseed oil : * 



S 

ViM'iwity. 

lull ] 

1 V. 

Viiltic. 

Drying Time. 


• 





oil 

Almost ffilourloss 

0-0320 

(i-S8 

J 83-5 

0-97.5 

Wot In 6 (lays 

ozoiiisi'tl oil 

00470 

10-3.') 

170 

3-8 

Dry in fi days 


11 is evident that spr'cifie gravity, acidity, and viscosity have all 
risen, but the iodine value has fallen slightly although*the daying 
tim<! has imiiroved^as is the cast? with boiled oil. Thif^ method is 
more promising than where the bleaching is effected by addition 
of chemicals. Reference may be made to 1 he many patents described 
in the Journal of the Hociely of Ohe.miral InJiistry under the heaifing 
of the Bleaching of Oils. * 

The following notes show the effect of ozone treatment on 
various oils, fats, and waxes (Ozonair, Limited): Tung oil is easily 
thickened, but the irivestigation as to bleaching* or deodorising is 
not complete ; cotton seed oil bleactes fairly easily according to 
grade and quality, but requires subsequent treatment for deodorisa- 
tion and improvement of flavour. Olive oil bleaches very easily, the 
darkest V'arieties known as “ Sulphur ” are bleached to the ordinary 
olive colour; poppy seed oil ‘(jan b(f bleached without thickening, 
or bleached and thickened to a syrup. It thickens less readily than 
linseed. For edible purposes it requires subsequent treatment. 
Soya oil is bleached fairly easily according to grade and quality, but 
requires subsequent freatrnent for deodorisation. Lanolinc is easily 
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blesiohcd, but Carnauba and ivlontana waxes are not. Beeswax 
may b» successfully bleached, but only in the case of the darker 
varieties. 

« 
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l)TIIKR IHlYlNfi AND SKMI-DHYINO OILS 

1’iiK ffloss and durability of linscod oil films aro much improved 
by a(lmixtui(^ uith its polynicrisod forms. (V)atings of resin and 
linsts'd oil are moisture-absorbing, (!ven aftfir the unsatifl’ated 
glycerides have been apparently tiansfornied into linoxyn, and 
after a time .show on ex|)osure. a ])ooni(!ss of lustre and a tendency 
to fine erackuig which is de|)endent on the rosin content. ■The 
durability of tlm ])o]ymerised linseed oils neutralises this failing 
only partially, and it is Ixieoining moni and more the custom to 
iiKiorporate with linseed oil otl^er drying oils, especially those 
which are easily jiolymerisable and of greater ra])idity of drying, 
whereby the linoxyn (amtent is rapidly ima-eased so that it may 
})rovide a film resistant fci the weather. \ The. chief of these oils 
is (Ihina w'ood oil, which gives a tough film of high gloss and allows 
of the use of rosin, instead of copal resin, provided that proper 
precautions as to mixing and concentration aro taken, i 

(JiitNA Wood Oil (TiiNci Oil) * 

f^ina w'ood oil is extracted fi'om the nuts of severiil varieties 
of Ahurites, of which Fordii and corilata are the most import*ant. 
I’he pod or nut is sf ajiiile-green colour about the size 'bf a small 
orange, and contains usually throe or five seeds resembling shelled 
Brazil nuts, but much smaller. The oil from Aleurites F'ordwis 
identical in chemical composition with that*obtained from Aleurites 
cxirdata. The Tung-yu-shu (Tung oil tree),* Aleurites Fordii, 
is indigenous to Central China throughout the Yangtse Valley 
ft'om Ichang w^stwr.i.ks to Chungking. In the wild state thh tree 
■seldom grows more Ilian 1.5 ft. with Sjiread of 12-18 ft., pro¬ 
ducing on matin ity an average of three hundred fruits annually 
of from fifteen to eighteen to the lb. when dried. The teee is highly 
ornamental in foliage and flowers, suggestive of possibilities for 
shade-tree purposes. When cultivate^ the trees will reach a height 
of from 20 to 25 ft., with a ^read of 30 ft., and after eight to 

* Aleurites montana (Ma-yu-shu, wood oil tree) has a hard and woody 
ripe fruit, hence the name wood oil tree. Tho name Tung is applied to 
^TOral widely distinct t»ees having largo heart-shaped leaves; among them 
8 I ttulowma, of which four or live species occur. 
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ton years will produce an average of a thousand fruits aimually. 
In vei^ wet years and in favourable localities the propoi-tion of 
female to male flowers will be one female to five or seven males; 
in dry years as few as one feihale to twelve to fourteen males. It 
is (issentially J* hillside tree, thriving in the most rocky situations' 
and on the ])oorest of soils, where there is a minimum of 29 in. 
of rainfall. It will stand drought as well as a few degrees of frost, 
but the jmung fruit is very sensitive to frost, which often destroys 
or malfbrms them.’ In fi.W. (biua, extending to Thibet, the 
jrrepondei-ating siweies .se(mis to be Al. cordaki, differing but little 
from Al. Fordii. In S.E. China Al. Irihha and hybrids of the 
speeuis with cordata and Fordii ’are ))l(mtifu). In tlie Philippines 
.ile.uriies molucrana and trispmm (Lumbang oil) are found. A 
new variety lately discovered in S. (Ihina having more females 
than males has been graft'd on Al. /'Vo/d'with success. Jn Japan 
ikrnkia (A. cordata) alone seems to thrive (.see Japanese wood 
oil). The seeds of Al. Fordii ai’c treated by crude native methods 
and the yif^d is 40 iwr cent from an oil-content of i52 per cent (the 
average yield from the whole fruit is 17 iier cent). The Chinese 
method of extraction i.s of interest. The fruit is gathered and piled 
in stacks, covered with straw or wet gi-ass and ailorved to ferment 
until the flesh is easily removc^l. The partly decom])osed husk 
is used as a fertiliser. The oil extracted from the seeds is pale 
in colour, bixt the moisture content and acidity are high. In other 
districts the hiisk is removed by roasting the fruit in shallow iron 
pans until it bursts, when the nuts are separated by hand. The 
dry husks are used as fuel and the ash sold to the native potash 
maker, who extracts the potash by crude method.s. The oil 
obtained by this method is darker in colour, particularly if too great 
hca^ has been crtiployed in the roasting. In either case the final 
treatment is the same, viz. : the nuts are ground to a coarse 
meal in a, crude stone mill worked by buffalo power. The meal 
is roasted slightly and then steamed by being placed in wixiker 
baskets sftspended over boiling water. It isithen placed in vats 
and allowed to drain. The meal is prepared for the presses by 
placing it in crude iron frames with straw packing outside. About 
sixty of these frames ‘are stacked in antiquated wedge presses, 
and pre.ssure applied by a system of driving in wedges. The oil 
drains out through the straw and drops into a pan at the bottom 
of the press. The oil is prepared for shipment by* being run into 
wicker baskets lihed with vanished paper, and shipped to Hankoyy. 
The crude oil is refined by the merchants, who run it into vats, 
heated by steam coils to expel as mucdi moisture as possible. After 
being pumped into settling tanks so as to remove refuse, the clean 
oil is drawn off from the tpp ; tlys constitutes the “ f.a.q.” of 
commerce. The refuse is returned to the dealers, who sell it to 
the natives to be mixed with gypsum for aaulking junks and 
sanpafts. The worst part of the refuse is burnt for Chinese ink. 

Aleurites^montana from Mu-yu-shu (wood oil tree) is common 
in tlje regions around Wuchow to the west of Canton, whence 
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it is exported to Hongkong. The oil cake is poisonous and can 
only be used as a fertiliser. The blending of the oils from different 
varieties of Aleurites is common, as well as of different grades, 
and leads to complications which may be illustrated as follows : 



l.V. 

(’olour. 

Sjjcriflc 

(icliLtlnisation. 

AU'uritvH Fordii 

I7;t 

Aiiibor 

0-942 

(Vimpli'to 
on hoaiing 

* AUuritvB triloba 

140 

Aliiiosl whil'O 

' 

0-92d 

W'l-y slijfht 
fioliitiniHation 


Buyers must safeguard themselves against adulterated oil, as it is 
a common practice for the natives (,o mix in chcapei- native Iwan 
oil. . Aleurites Irlloha mixed with ])erilla oil gives an enanibl of 
great excellence and |)aleness, which is claimed to be sujierior to 
those produced from linsred oij. 

Hatikow is the (diief ])ort of export and 80 per cent of the 
oil is shijjjied therefrom. A little goes through South China to 
Hongkong, bm. this is not held in such high i-epute. 

Japanese wood oil (Eln orocra ifrnir.ia or A leurites cordata, H. Br.) 
is of loss value than China wood” oil from Aleurites numtana and 
still leas than the oil from Aleurites Fordilr It is .similar' to tung 
oil, but gelatinises less readilv. 

Aleurites cordata from the h’ukiii juovince of .Jajran gives fruit 
consisting of shells, 97 ))er cent, and kernels, 03 |)ei' cent, eoiitaming 
51 })er (xmt of light golden yellow oil, which ])oasesses the following 
constants : T.V. 150-2 (Wijs) ; 1.54-2 (HubI) ; Sap.V. 193-2 ; Acid 
Value, 0-9; Sp. Gravity (15-5" C.), 0-9342; 1-4,981. The 

oil can be used to a considerable extent for the same purposes 
as China wood oil.^ 


,;Tung oil has the following uses in (Jhina : 

(1) As a paint oiJ for outside work. 

(2) The crude]' grades of oil are used on native boats as a paint, 

varnish, and preservative, all in one. • .» 

{^) With the addition of the miucrat substances ‘‘ t’u-tsz 
and t o-shen-shin ” it sieves as a waterproofing varnish for silks. 
{■i) As an adulterant of lacquer varnish. 

(6) As an ilkmiir-nnt. 

(6) When mixed with lime and bamboo shaVings it is used 
tor caulking native boats. * 

Chines burnt wood oil produces the best quality 


As a dressing for leathej- and a„varnish for furniture! 
Recently the cultivation ofr Aleurites Fordii has been under- 
taken m the Southern States of North America. In 1914 forty 
ousand trees were in cultivation and the results were satisfactory. 
“ experiments are being conducted in India (Raw Materials 
tee, Imperial Institute, 1920). Possibly the trouble respecting 
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the unsuitability of the cake as a cattle food will be overcome, 
and tke application of modem methods of crushing and refining 
on the spot will stimulate the cultivation of Aleurites. The 
development of the extraction method for obtaining oil from seeds, 
together with<,suitablc previous preparation, will give much larger 
yields of extracted oil than is provided by the crude native treat¬ 
ment. In 1906 the export from Hankow was nearly 29,000 tons, 
and the amount does not seem to have increased as much as would 
be expected, as shown by the export figures for 1914-19 : 

tell. 2(>,;i00 tons. tete. 3il,000 tons. 1018. 29,300 tons. * 

1015. 18,100 „ 1017. 24,100 „ 1010. 3«,500 „ 

It must Im* remembered that the conditions are different now. 
Between 61 and 79 per cent of the ex])ort goes to the 11 .S.A. The 
literature on tung oil i.s very extensive (Index to Patents, Technology 
and ^Bibliography of China Wood Oil, A. H. Stevens and J. W.' 
Armitage). 

, Tung <41 ha.s marked peculiarities differing from linseed oil in 
the following respects : it dries in about two-tliirds of the time 
of linseed oil, giving a film ,which i.s white, dull and opaque, and 
crinkled. ■ These effects are much reduced in the presence of driers, 
but they are e.specially marked if the drying be retarded in a gas- 
ladcn or foul atmosphere. The sflrface puckers or webs and becomes 
matt with a finely-radiating crystalline appearance. Often the 
film beeom<‘.s uniformly opaque like grpund glass. If the drying 
be performed at tem|)eratures above 80° C. in a good draught 
the film is transparent and smooth. The webbing and fine cracking 
are due to unequal volume changes in the film on surface drying. 
The matt surface may be due to the formation of the solid isomer ; 
such lan isonusr is produced when wood oil is exposed to light. ■ The 
CTyAallin(5 stereoisomer, a monomolecular glyceride of /Cf-elseostearic 
acid, Is rapidly oxidised to an amorphous white peroxide.^ Another 
peculiarity is the rapid gelatinisation of the oil. When heated 
to 282° (i for nine minutes (Browne's heat tqst) it sots to a hard 
transparent jelly. This property is used for the detection of 
injpurities in the oil, and it is stated that the addition of 5 per cent 
of another oil, c.g. soy;i-bcan oil, will retard the gelatinisation at 
the above temperature.^ The gelatinisation is due to polymerisa¬ 
tion, which differs greatly in rate from that of linseed oil. In 
(Circulars 84 and 100 of the Educational Bureaq, Paint Manu¬ 
facturers’ Associition of U.S.A., are given the standards for tung 
oil as settled by the Americ^in Society for Testing Materials. 

The table on following page shows a comparison of the constants 
of linseed and China wood oils. 

E. Ware “ states that the detection of adulterants in China wood 
oil may bn based on differences in optical dispersion. 

The preparation of the metallic salts derived from the oil has. 
been reffSted to in Chapter U. p. 39. Boiled with caustic alkalies 
it yiqlds soaps which are granular in comparison with those of 
linseed oil. The alkali salts of u- and ^-elseostearic acid (C,gH 3 ,^(), 
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Linseed Oil. 

Tung Oil. 

American Staidards. 




lain. max. 

Specific gravity (lO" C.). 

0033 

O-04O5-O-O42 

. O-939-0-043 

«ii ..... . 

l'483l 

1-5174 (12‘’-r>(J.) 

1*15-1-520 (28“ C.) 

Acidity. 

4-0 as oleic acid 

1-475 (40“ C.) 
3-3 


Saponification value 

197 

192 

190-195 

I. Value. 

185 (Wljs) 

168(Wijs) 

1H5 (ilfihl) 

Pereeutaae increase iu weight 
«»u evposure to air , 

17-6 (81 days) 

13-5 (8J days) 

163 (Wij») 

treating geliitinisation test at 
• liDU " C. 

Several ilays 

12 minutes 


of wliioh the two va.rieti(!N of tung oil are the glycerides, are crystalline 
substances, which arc sparingly soluble in water, especially the 
/f-salt. Ow'ing to the limited variety of components (Jhina wood 
oil lends itself readily to favourable investigation. The 8nly 
other component of the oil, except the /3-glyceride, is olein to 
the amount of 10 to 15 per cent (Fahrion states that 2 to*3 irer cent 
solid acids a,re present, and M. Nonaka^ states that 2-5 per cent 
stcanc acid is prc.sent). It gives no etjier-insoluble bromide either 
as glyceride or when transformed into the corresponding acid. 
A solid totrabromide of the same melting point has been obtained 
from the a- and «-acids, which is isomeric with the tetrabromide of 
linohc acid. Ihe peculiar drying properties of tung oil must be 
connected with the orientation of the double linkages in the molecule 
since it IS isomeric with the glyceride of linolic acid (a much slower 
drying oil) which is present in poppy seed oil to the extent of 
b5 per cent. ^ 

Linolic acid; 

CH3(CH2)4CH = OiI(CHj)CH = CH(CHj),COOH.«‘ 

EliBostearic acid : 


CH3(CH,)3fM = CH(CH,),CH = CH(CH,),CO,H.w 

tion^nn P«>perty of tung oil is its rapid polymerisa¬ 

tion on bemg heated. Schumann “ has put forward theview thai 

afterwards gek 

Ho discusses the methods of preventing coagulation which is a moat 
undesnab e proi^rty, although the rafid liLaS diSe 

of muKvSSrT control has been the subject 

“vestigation. (*816101 research is overcorainfr the difiBculties 
ooagulatfon appeam to be“S 
u ‘‘“dity of the system and to some 

Sprite “Tht rddT^ thickening, but at I far more 

- Sc 

its oo^gdaSTorm - tJ*® polymeride and 




82 


VARNISHES AND THEIR COMPONENTS 


KniniLhaar has studied the effect of heat on China wood oil 
in carhon dioxide steam between 200° and 300° C. The iodine value, 
after four hours’ heating at 200° C., fell from 160-3-134-6, while the 
saponification value was practically unchanged, 193-2-190-1. (^He 
concludes thaV differences of polymerisation of wood oil and linseed 
oil are of degree only.' 

When tung oil is heated to 240° C. for twenty minutes and the 
heating stop|KHl as soon as any substance insoluble in light petroleum 
is formed, in othei’ words as soon as gelatinisation begins, the 
constants of the oil compared with thos(^ of linseed oil are iis shown 
on p. 54. 

The polymerisation of wood oil may proceed on the lines indicated 
by Salway and Morrell,provided the acid maUu'ial present is in 
sufficient initial concentration to jireveut the formation of the 
direct polymeride and to allow of tlu^ production of the less saturated 
glyt4ryl-polymeride at a tem})eratuie much above the ordinary 
gelatinisation point of China wood oil. Biieh a transformation 
produces another modification of wood oil. 

I Morrell “ and Sehapringer have observed that the refractive 
index of tung oil diminishes when the oil is heated. The high value 
(1-5192 at 15° C.) of the refractive index is useful in the detection 
of impurities in the oil, which invariably pos.sesa lower refractive 
indices.^* 

'The methods of tieatment of tung oil in varnish mixings are 
essMitially trade secrets. When th(' defects of coagulation and 
webbing of the varnish film are overcome by the varnish maker 
ho can produce a much imynoved protective coating, but skill and 
judgement are necessary in the treatment of the oil. Owing to 
the rapidity of coagulation of the oil it is very difficult to incorporate 
it jvith .copal lesins.'; The published practical methods for the 
treatment of wood oil will be discussed under Tung Oil Varnishesi 
(p. 247)/ where it will be shown that Sts great importance lies 
in'the hardness, elasticity, and high water-resisting power of the; 
films, whereby rosin may l)e used instead of <!opal resins to impart' 
the requisite lustre and hardness. ^ 

^ When China wood oil is saponified it gives a white crystalline 
acid (a-elseo-stearic acid), m.p. 41° C., which is easily oxidised in the 
air. The solid modification of tung oil (m.p. 6]°-68° C.) is very 
rapidly oxidised to a white amorphous solid. The cry.stalline 
glyceride on saponification and sulrsequent decomposition of the 
sparingly solulSe crystalline alkali soap yields ^-elasostearic acid 
(m.p. 72° C.). The meth;^l ester of a-elseostearic acid is converted 
(85 x)er cant) on distillation in a vacuum into /1-ester. The ethyl 
■/J-elseostearic ester is partially polymerised by distillation in vacuo}'’ 
On exposure to air at the ordinary temperature it gains 10-24 per cent 
in weight in twenty-four hours with a maximum of 12 per cent, 
which finally remains constant'at 11-1 per, cent; CjjHjjOj-tOj 
reqtJires 10-39 per cent. 

The oxidised oil reduces Eehling’s solution slightly, and on 
treatment with tSlchifi’s reagent for aldehydes it becomes purple ui 
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colour. When warmed with pure pota.ssium iodide no io(}ine is 
liljerated, until a few drops of dilute sulphuric acid are added. 
The ethyl ester on exposure to air does not set, and remains quite 
clear ; there is no matt surface as in the case of thp a-glycoride. 
This is of interest in showing the influence of the giyceryl radicle 
in the drying of vegetahlo oils. 

The preparation of metallic tungates i.s of importance. A 
tungate drier is one in which tung cjil is heated with Icjad and 
m.anganese oxidecs and, when the oxide.s are dissolved, jireviously- 
iiyule resmates of lead and manganiise are inoorporateef. Such a 
dricT is soluble in a drying oil (especially a fish oil) at temj)eratures 
alcove 100° (' For the preparation and projierties of a number 
of mcctallic tungates refccrenee may be made to Circular 120, P. and 
V. Manufacturers’ Association, I1,S,A. ’The addition of tung oil 
improves Portland cement paints, not only producing a flalsur^ee, 
but one ujton which a sub.sequent coat of paint will adhere better 
than on one udthout wood oil , 

Other Oils from Aleurites.—(i.) ('andlenul Oil. —Candlenut oil from 
Aleuriles trik/ba of Fiji, Hawaii, We.st Indies, and Brazil might he 
used to replace linseed oil in the manuf.TPfiture of paint and linoleum, 
but it is more suitable for soap nianufaeture. Its low iodine value 
(137) indicates its inferiority for f\i'ying. S.g. is 0-927 at 15° C.; 
•free fatty acids (oleic acid), 0-7 per cent; sajmnification value, 175. 
In Madagjisear the oil ex))ressed from the nuts is known as “ bakoly ” 
oil. In India it is called “ leekuna ” oil. It would find a rearly sale 
if its transport to the consuming markets were feasibki. 

(ii.) Limhmuj Oils.—huiuhimgoilfrom Ak'Krils.^ mohiccana (lum- 
bang bato nuts) and Al. trispernia (lundjang banucalag nuts), soft 
lumbang oil.^“ The first-namial Aleurites is the commoner, the 
latter not being utilised, sineas it is said to cause skm eruptions <on 
those handling the oil obtained therefrom. 

Lumbang bato from the Philippines is stated to belong to t^e 
same species as the candlenuts from Fiji. Lumbang bato can bo 
distinguished from Imnbang banucalag by the insolubility of its 
oil in alcohol.21 The oils do not approach linseed oil in drying pro¬ 
perties, particularly from Al. trisperma, but if the oils are mixed iti 
the pro]wrtion of 1:1 or 1:3 lumbang bato and lumbang banucalag, 
very suitable results are said to have been obtained, using red lead 
as a diier. The drying and moisture-excluding properties are said 
to Ix! nearly as gqpd a‘ those obtained by careful experiments with 
k od. Soft lumb.-dig oil resembles tung oil in odour and in 
body. When spread on gla.ss it dries in thirty-four hours to an 
opaque crystalline film. It does not solidify at 280° C. "in fifteen 
lumutes although it becomes “ bodied.” Lumbang oils might be 
mixed with linseed oil when the price i; satisfactory. The manu- 
^ture of lumbang oil is carried cm in a moat primitive manner by 
jluneso workers. In. 1911 it was stated that a factory of the 
capacity of 230 metric tons per month could be kept supplied. The 
w IB used locally for yaulking vessels, for soft soap, and in the 
manufacture of paints. There is a great demand for the oil in'^he 
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Unite<t States. The shell of the nuts, amounting to 66 per cent 
of the total weight, is very hard and tough and extremely difficult 
to remove, the operation being performed by hand, either after 
sun-drjdng a^id boiling with water or heating over a fire and 
quenching in waterA. P. West and Z. Monte “ give the following 
description of the seeds of Aleurites moluccana : 66 per cent shell, 
34 per cent kernel, containing 50 to 60 per cent of oil possessing 
s.g. 0-9206 (31° C.), I.V. 140 (Hanus). The oil is stated to consist 
of 6-5 i)er cent linolenic, 33-4 })er cent linolic, 56-9 per cent oleic, 
and 2-8 per cent solid acid glycerides. It dries quickly, is not 
polymerised at 200° C.; and is free from clscostearic acid.* 

Perllla Oil.- Perilla oil is exj)i'essed from the seeds of Perilla 
ocymokhs {Nankinensis), Asiatic mint, an annual plant growing in 
Ohipa, Japan, and the East Indies. The seeds contain 38 per cent 
of oil, and both oil and cake are edible like linseed. In Japan it 
is eniploye'd as an aelulterant of lacquer. Very little up to the 
present has been exported to the United Kingdom. The cultivation 
of seed is being studied in India, the East African J’rotectorate, 
S. Africa, Cyprus, and Rhodrisia,^* also in America and in Canada. 
A comparison with linseed oil is-shown by Lanks^* and by the writer: 


y 



H.(5. 

AcUiity. 

I.V. 

s.v. 

Kefructivc Index. 

Perilla oil 

0-9:143 

(i“7 

r 

182-9 (Wijs) 

ISSM) 

1-4841 (20° C.) 


(15'- C.) 


190-200 

190-C 

1-4840 (25° C.) 




(Hanus) 



Linseed oil . 

0-9:12-0-9300 


180 


1-4790 

f 

0-933 0-9340 

1 


174-184 


1-4776 


Perilla oil 8howe<l no " " on the bpeaking testjind the colour of the clarlfled oil was 

fair, wliUsWlnsecd oil Hliowed 3-3 per cent foots. 


To Jest the drying properties of perilla oil compared with 
linseed oil, three paints were made containing white lead, zinc 
,oxide and lithopone respectively, without addition of driers, and 
spread on a wood surface. In the ease of the perilla oil paints, 
the drying time was seventeen hotu-s, whilst of the linseed oil paints 
none dried before twenty hours. When driers were added, all 
the paints dried in about twelve hours and the perilla oil paints 
showed a sompwhat harder surface.' As a varnish with lead and 
manganese driers, perilla ,oil dried in a shorter time with a slightly 
better gloss than a corresponding linseed oil varnish. In other 
respects “perilla oil compares very favourably with linseed oil.f' 
In Circular 62 (P. and V. M. Assoc, of U.S.A.), the possibility of 
growing perilla for oil is considered. The perilla plant grows 
best in a warm humid atmosphere and, if planted in the early 
spiling, may seed before the summer is well over, (It has been 

• C. D. Holley {Paint Vehicles, Japans and Varnishes) slates that cold 
{fressed lufhbang oh has s.g. 0-927 and refractive yndex 1-4760. 

K. H. Baae^ concludes that perilla oil contains glycerides of palmHic, 
linolic, and probably several isomeric liAolenic acids. ““ 
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grown already sufficiently well in a few States of North America 
to make it worth while continuing the cultivation. The plant is 
practically a weed in Japan. The writer considers that the water¬ 
absorbing power of the perilla oil linoxyn film is very much less 
than that of linseed oil, and a smaller quantity of dAer is required 
to cause the film to harden. The statement that it forms drops 
when spread on a surface is not generally accepted by users of the 
oil. If the perilla oil is too heavily charged with driers it will 
dry to a crocodil(!-like skin, which, however, does not form when 
tjie concentration of the driers is reduced. The rate of polymerisa¬ 
tion is much less than that iff tung oil and greater than that of 
linseed oil. It can be used with advantage as a diluent of tung oil. 

It has none of the defects of tung oil in too rapid gelatinisation, 
nor do films containing the oil “ w'cb ” like the corresponding 
tung oil films. It can easily be bleached by fullers’ earth on 
healing up to 270° C. and docs not darken afterwards*The 
high acidity of the commercial samples causes retardation in the 
thickening on being heated. H. A. Gardner reports favourably 
on the use of perilla oil in paints and in linoleum. The writer 
considers from his exix'rience that it .is a valuable substitute for 
linseed, possessing superior projiortios in many w'ays, but its high 
])riec compared with that of linijeeil oil will restrict its general 
use except for special varnish mixings. It is claimed that, when 
raw or improperly treated, it dries with a dull finish. This can 
be overcome by heating f^ 29:l°-31.')° 0. for one hour or more if 
a heavier body is required. This treatment, it is said, gives an 
oil which will dry with a high lustre and without runs, makes a 
tough film, and will not spot under extreme weather conditions.;' 

Soya Bean Oil. —The Soya bean (Glycine hispida) is indigenous 
to Cliina, Manchuria, and Japan, where it grows* prolifieally.. It 
was jH^actically unknown in this country before the Russo-Japanese 
War. Since that time the use of oil and cake has spread phenome- 
nally, but of late the demand has dropped, although the oil-cake 
is a rival of linseed* and cotton cake as a cattle food.* The oil 
belongs to the less -active drying oils, although with suitable driers 
it has given very fair results.^* - * 

H. Low gives an analysis of Soya bean'oil as follows : 


1 : Acid V., 0'8-3 l : Unsapunifiable Matter, 

1-18; I.V., 124-30, 133-8. 

Total fatty acids, Ot-Oiiper cent. Combining weight of fatty acids, 279-30. 

W. B. Smith concludes that Soytf bean oil contains 2-3 per 
COM Imolenic acid, 65-57 per cent linolio acid, 26-27 per cent oleic 
Mid, and 9-10 per cent saturated acids. The low iodine value, 
130, with an ether-insoluble bromide value of 7-8, indicates that 
Its oxygen-absorption power will»be low.' 

Soya tean oil is fn demand largely for edible purposes, but its 
use m pamts and varnishes is limited. Its presence adds flow to 
a mixmg, and it mayji’d added to more .strongly drying oils with 
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Dweks fok l*jflmLTiA, Soya, and Mknifaden Oils t-OMi’AHED with 
Linskiod Oil*^ 


MctuI Content r)fV)i), 01 jK'r cent 


Perilla Oil— 

Solid Linoleato 
Co. Mn. Linolottte 
Cobalt Paak> Drier 
Co. Mn. Paslo Drier 
Ppd. (*o. JloKinnlo 
Ppd. Mn. llosinalt* 

Dc'ad Linoleal/O . 

Haw Soya Hcan Oil- 
Solid Co. Linoleate 
Uo. Mn. LinF)lento 
Co. l^aste Drier 
Co. Mn.^PaHte Drier 
rpd. Co. liesinate 
Ppd. Mn. Resinate 
Lead Linoleato 
Light Pressed Menhaden Oil— 
Solid (>o. Linohsate 
Co. Mn. Linoleato 
Co. Posto Drier . 

Co. Mn. Paste Drier . 

Ppd. Co. Kesinate 
Ppd. Mn. Kesiiiato 
Load LinoJeate . 

Raw Linseed ()il— 

Solid Cobalt Linoleate 
C. Mn. Linoleate . 

(^balt Paste Drier 
'Co. Mrt. Post-e Drier 
Ppd. Co. Resinato 
Pj)d. Mn. Resinato 
' Lead Linoleate . 

.. f - . ... 


.Sriljinrnt. 

Kkintiiiig 

Tiitio. 

Temppratiirr 
ot In*- 

ociriioration. 

FiJm, 

notio 

5 hours 

4.50" F. 

Imrd 

slif-llt, 

r> „ 

,, 

hard •> 

,, 

8 .. 

cold 


14 .. 


soft 

ii(m(‘ 

h 

4.50° F. 

hard 

Klight 

14 .. 



liOlM' 

2(1 ., 


** 

iiono 

24 hours 

450° F. 

medium 

oonsidornblo 

24 „ 



IIOIIO 


cold 

soft 

sliglit- 

8 

450" F. 

hard 

„ 

11 


soft 


4h „ 


modium 

*. noiio 

42 „ 

** 

** 

TIOIK' 

11 hours 

4r)(r F. 

medium 


i:i „ 



IlOlK* 

1^1 „ 

cold 


(‘onsidoralilo 

13 .. 



Kliglit. 

30 „ 

F. 


,, 

i:i „ 



none 

■ h „ 

** 

*. 

nono 

16 hours 

450° F. 

hard 

oonsidorablo 

17 ., 



,, 


cold 


slight 

8 4, 



nonn 

10 „ 

450° F. 


slight 

ir> „ 




il2 „ 




• ^ It is possible to incorporate 26 jmt cent Soya oil with linseed 
oil, using a inanganefo, cobalt, lead drier, to give a mixing con¬ 
taining 0 03 per cent Mn., 0 01 jxu' cent (!o., and 0-20 per cent Pb. 
The films dry as rajudly as eomm(ireial boiled linseed oil containing 
0'2I per cent Pb and 0-041 per cent Mn., It is advisable to blow 
the Soya oil filst and to subject it to a >.eat treatment previous 
to the addition of driers.' The Soya bean contains 18 per cent of 
oil from irhieh 10-13 per cemt ciin be extracted by the Anglo- 
American process. Against this low yield must bo set the fact 
that the harvest of the bean is large and the press cake is rich 
in nitrogenons matter or proteinw (30-42 per cent). Besides cattle 
cake it is made into biscuits, vegetable cheese, and a kind of pickle 
(soy). I The emulsification of the oil with gluten and casein-like 
bodies is the basis of ^some patents for artificial miik.®“ The 
emij^sif 3 dng power seems superior to that of'^other dr 3 ring oils, j 
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Para Rubber Seed Oil.—This oil, obtained from varieties of 
Para rubber seed kernels, has been thoroughly investigated’at the 
Imjxirial Institute.^’ 

The Hevea rubber tree (Ilevea Hraziliemis) will produce on 
an average- live hundre<l seeds jHjr annum (one i^undred sixids 
weigh 360 grams). 

Oeara rublwr seeds weigh about 63'2 grams per hundred, whereas 
the seeds of Funlumia elastira are small with thin soft husks. 

Dubose states that the seeds of Hevea contain .52 ’per e.ent 
of oil and yield 33 per (lent in a single pressing, but this must refer 
to deeortirated seeds,- because R. .1. Eaton obtained 19-3 per 
cent from the whole seed by extraction with a volatile solvent. 
The. following tabli! gives a comparison of the three varieties of 
Para rubber seed oil and linseed oil : 





ITcvod 

Bnizilioiisis. 

l-iiismt. 

Wt. of 100 sendfl . 


4-8 

300 grams 


J’orcantago oil cont-ont 


, 


of koriiol 

:i5 


45*8 


PernoTitai»a oil - content 





of whole sood 

15*75 


22*25. 19-.3 

30*4 

8p. Ill- . 

0*92;i8 

9’9:{20 

0*9258 

0'«;n-8 

n . 

1 *475 

1*4788 


1 *4835 

Relative viRco.sitv • 

J.^O 

i4*:i 


18*0 

I.V. 

l!l5-i:i7 

i:i8 

131-138 

180-200 




1.38*7 


Aoid valiio 

0()2.5 

2*05 

5*20, 10*8 

below 5 

Porcontogo of liquid 





fatty acids . 

88*9 

79*8 

80 

92*5 

I.V. of liquid fatty acids 

1(12-5 

17,5'6 

. » 

190-200 

9 


The oil from Hevea is of yellow colour and dopositfr little, or 
no stearine. ,'The oil is not equal to lin-seed oil for paints and 
varnishes ; its load Mrying oil is slow drying, giving a soft film. 
Using a cobalt drier the drying is also unsatisfactory and the film 
is tacky even after .several days.** If the oil l)e heated with 
glyctirino and calcium resinate at 260” C. fdr IJ horn's the acidity 
is reduced to .5-1, and the neutral mixing with a cobalt drier 
(sulHciont to reduce the drying time of linseed oil to six hours) gives 
a film which reiemblcs that of Soya, but is decidedly inferior to 
that of linseed oil.) * 

The V .'iter-absorbiiig power of the le’ad drying oil film is much 
greater than that of linseed oil. A drjing oil containing 3 per cent 
lead oxide made from linseed and Para rubber seed oils resjwctively 
dries in five hours and seven hours, ^ind the latter film holds a 
tack even after four days. * 

(^It is evident that the oil has none of the protective properties 
that the latex will give. It would be suitable for soap making, 
and could replace lin.^eed oil in the manufacture of rubber sub- 
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Probably it would be suitable for the preparation of hydrogenated 
or hardened oils for edible purposes. The cake left after extraction 
of the oil from the kernels is a valuable foodstuff for sheep or 
cattle. 

R. J. EatoV) (foe. cU.) obtained 10-3 jier cent of oil, 76-6 per cent 
of meal, and 2-93 per cent of mucilage foots. He concluded that 
it would be remunerative to import into this country for crushing. 
His estimate of the cost of shipping (£1 ; 15: 10 jx'r ton) could 
be reduced by half if the seeds were decorticated before being 
shijjjKid. The Imp. Inst. Bulletin gives the cost of decortication 
as 12s. 6(1. p('r ton and cost of (»olloction as £2:18:4 per ton, 
with rail and freight eharges of £3; 16s. per ton. Therefore the 
seed would probably cost from £9 to £10 per ton in this country. 
In 1917 the oil fetched £50 per ton, when linseed oil was £00. It 
would seem advisable to be guidc(i by Eaton’s estimates, which 
are 'later. The quantity available is satisfactory, and Eaton 
estimates that 20,000 tons of oil could be obtained annually from 
seed grown on the Malay Peninsula, 

To the varnish maker Para rubber seed oil stands in much 
the same position as Soya (jil, and with present knowledge it does 
not seem to have any pro.spect of displacing linseed oil in general 
drying and protective properties^ . 

Other oils which are used in small quantities in paints and 
varnishes are : Walnut, Popi)y, Niger, Sunflower, Hempseed, and 
two new drying oils, (Ihia an(l Oitieaca oils. 

'Walnut Oil.—This is a very pale oil used by artists, because 
paints made with it have less tendency to crack than those contain¬ 
ing linseed oil. 

Poppy Seed Oil. —The seeds of the opium poppy {Papaver 
sontniferum) contain 40-.5() per cent of an oil containing 65 per cent 
linolic acid, 6 per cent linolenic, and 30 per cent oleic acid. It is 
a pale oil and fair drying, but used more in artists’ colours than in 
paints and varnishes. 

'.Nlgef Oil, Sunflower Oil, and Hempseed Oil possess drying 
propcirties whereby they may be used in paints and varnishes, 
but they are inferior to linseed oilf Seven years ago India exported 
over 10,000 tons of niger seed in a year, but the export trade 
during the war dwindled to almost nothing, though the seed is 
still grown and the oil is used in India in large quantities for cooking 
and lighting and as an adulterant. Provided thf price of linseed 
oil is not much*above that of the.se oils, the demand for them by 
the paint and varnish m'aker is very limited. They are "mostly 
used for coap-making or edible purposes. For details as to their 
properties reference may be made to Fryer and Weston (foe. cit). 

Chia Oil. —The seeds of, Salvia hispanica, a labiate, are wi(iely 
cultivated and grow wild in Mexibo, where they are‘known as chia 
or chian ; they are used for making a demulcent drink, somewhat 
like flaxseed tea'.” Travellers carry the seed to mix with water, 
as it has been observed that the thirst i^ quenched with much 
less ^wafer when chia seed has been mixed mth it. The chia plant 

" * I 
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is a plant which reaches 5 to 6 ft. high ; the seeds are ovaI-sha]X!d, 
about ] mm. in longest and about J mm. in shortest diameter. 
The yield ptT hectare varies from 1000 kilos to 4000 kilos, and in 
certain parts of the country two crops may be obtained annually. 
The seeds yield a yellow oil in amount equal to 33 jk-r cent of the 
seed expressed. The examination of the liltcircd oil gave: s.g. 
(15°C.), 0-9338; acid number, 0-6; iodine value, 196-3; S.V., 192-2 ; 
unsap. matter, 0-8 ; 1-4855. 

In th(i raw state the oil dries slowly. It exhibits more pro- 
npiinced “crawling” than raw pcirilla oil, indicating that chia 
oil has a high surface tension. This defect disa])pears on heating 
the oil to 260° 0., and in this condition it was found to be superior 
to linseed oil when treated with the same amount of drier. 

Erom the comparison of wetting power with pigments it would 
seem as if chia oil would yield more heavily-bodied paints than 
linseed oil. The success of the oil will depend on the value of the 
press cake compared with linseed cake.*^ 

Oiticica Oil.—Bolton and Re vis ^ have described the oil extracted 
from the kernels of Oiticica (Goreepia gran/lifolia), indigenous in 
Brazil. The kernels are one inch long and half an inch broad, 
and are stated to contain 62 piir cent of oil, semi-solid at the ordinary 
temyxrature (m.p. 21-5° 0. incijiient fusion, 65“ 0. eomplete fusion), 
consisting of a solid fat in a medium of liquid oil. In many rc.specta 
it resembles tung oil, yielding no solid hexabrotnide, and possesses 
a high specific gravity (0-9^94) and an iodine value 179-5. It does 
not solidify when heated for thirty minutes at 250“-270° (1. in 
carbon dioxide, but when the teniperature is raised to 300° C. 
gclatinisation occurs. At 100“ (!. it gains 4 per cent in weight in 
air in three hours, and in twenty-four hours the total gain in weight 
was 4-5 per cent, whereas tung oil gained 2-3 ixif- cent under.the 
same conditions. The skin produced is more uniform, transparent, 
and continuous than from tung oil. The refractive index (40° C.) 
is beyond the limit of the Zeiss butyro-refractometer. The melting 
point of the fatty acids is 53°-7-67“ C. The writer HUs found 
that cold benzol extracted only 29 piir cent of oil from the sliced 
kernels. The specific gravity of the oil varied from 0-94-0-9786 
and the iodine value from 150-170. The "oxygen absorption in 
thirty-nine days gave an increase in weight of 7 -38 per cent, whilst 
tung oil showed an increase in weight of 14 per cent in thirty-two 
days. The oil could bo heated at 270°-280° C. without gelatinisation. 
An analysis of the kerdels after removal of the oiT by benzol gave 
the following figures : ' 

Moisture, 7-08; oil, 17-35; albuminoids, 11-07; carbohydrates, 66-07; 
fibre, 4-81 ; aah, 3-62= 100 00. 

The potassium salt obtained ft-om tJic oil is very soluble in water 
and pves a crystalline acid, m.p. 98°-99° C., which is not an elieo- 
stearic acid. The properties of the oil appear to be promising, as 
it is free from the difficulty of rapid gelation on heating, but it is 
oxidised so rapidly in the air that a crushing process is inappHcable 
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and extraction methods on tho large scale have not as yet been 
succeifeful. 

Fish Oils.—(Although whale, shark, dog-fish, and herring oils 
have Ihx'U used to some extent in the manufacture of paints, men¬ 
haden oil haV proved nnnih mor(! satisfactory. ’ Tho production 
from Alum mcnhmlen,, a fish re.m‘mbling a herring (Alom menhaden 
is obtained off the Atlantic coast line of N. America from N. of 
Chesapeake Bay to I'lorida), amounted to .3,9-i3,(X)0 gallons in 1918. 
The (|U!tutity dejxmds on the activity of the fisheries. It is cheaper 
than the vegetable drying oils and has been used in the adulteratiqn 
of paints or for leather-cloth or oil tablecloths in the U.S.A. In 
the paint and vaniish industry it is not ])opular in this country, 
b(*eaiise of its odour and general inferiority to linseed oil. 'The 
raw fish oil never dricis jxu-manently hard and ha.s a tendency to 
beciome soft in a warm, moist atmosphere. For general outside 
work, especially on the sea eoiist, and for a|>plication on hot surfaces, 
it is sugg(!sted that a mixture of menhaden oil with linseed up to 
T.') per cent of tlx? former might be employed. ' Toch ** recommends 
its use in [)aints for structural .steel and other metals. An advantage 
claimed for the oil in eombin/ition with linseed oil is that the mixture 
is more im]5ermeable than linseed oil alone to the action of water. 
Another advantage claimed is that it ha.s the jiower when dry to 
give a film (jf great heat-resist'ing •])ower, and hence it has been 
recommended for iise in smoke-.staek and boiler paints. Jensen 
state.s that the fishy odour can be remm!.'ed by catalytic treatment, 
wh(!r(d)y the oils are now in increasing demand. 'J’ho smell is 
undesirable, and is .said to 1«^ due to the presence of clupanodonic 
acid and trimethylamine. 

It is very difficult to remove the smell except by hydrogenation, 
wlych lowers the iodine value and the drying properties, besides 
increasing the viscosity. Heat treatment, especially in the presence 
■of drierij, reduces the odour.' Methods for deodorising fish oils 
inMude the use of ozone, sulphuric acid, heating in vacno, treatment 
with alcAhol, sodium hypcxihlorite, alkalies, eta. All these processes 
are exjKinsive and not very practical. Gardner rrscomraonds the 
addition of 5 to 10 pru' cent ])in(! oil as a deodoriser. The oil may 
be refined by fullers’ inrth, china clay, eopjjer hydroxide, and char- 
(5oal. Weiss (ilainis that the oils may be deodori.sod by treatment 
with a fine jet of strxim in the presence of alkali. It is stated that 
paints made with suitable proportions of menhaden, soya and 
lin.seed oil with varnish resins and the usual driers, have yielded 
coatings which are equal “to and even su})erior to those produced 
with linseqd oil alone.“ It is quite evident that menhaden oil may 
l>e used as a limited substitute for linseed oil. 'The use Of fish oils, 
other than menhaden and sardine oils, in paint manufacture is un-’ 
satisfactory, land as they arc in large demand for other purposes, 
unless there is a shortage of linseed oil, theje would seem to be 
nothing gained by employing them. They are more or less dark 
in colour and cannot be regarded as drying oils, but blown herring 
"oil ^as'proved a serviceable constituent 6f heat-resisting paints 
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and those required for counteracting the corrosive effects of sea air. 
Toch states that linseed and fish oils are able to digest a’largcr 
proportion of red lead than linseed oil alone. 

Tite. (imposition of Menhaden Oil. —E. TwitchelH* states that 
th(! fatty acids obtained from menhathm oil contain'22-7 per cent 
palmiti(! acid, myristic acid 9-2 pcT cent, stearic acid 1-8 jier cent; 
total saturated acids, 39 per cunt: unsaturated acids, containing 
18 carbon atoms, 24-9 j)er cent; containing 20 carbon atoms, 22-2 
])cr cent; containing 22 (iarbon atoms, 20’2 per cent. The presence 
of such a considerable amount of saturated acids will go far to 
aceoTint for the tackiness of the dried films of the oil. 

M. Tsujitnoto considers that clu])anodonie acid should have 
the formula as it yields a deciabromide ('aaHjiOjRrn,, 

iind not as ineviously given by liim. He states that 

th(^ lithiinn salts of highly unsaturated fatty acids are soluble in 
acetone containing a little water (5 per cent by vol.), whA'eas 
saturated and less saturaksl acids give insoluble lithium salts. 
Vegetabki oils and ternwtrial animal oils give only ndatfvely small 
yields of highly unsaturdted fatty acids; e.g. 1 ’2 per cent in sesame 
oil and 9-3 ]ier cent in linseed oil. , 

Linseed Oil Fatty Acids.—During the Great War the demand 
for glycerine together with the general shortage of fatty oils resulted 
in the acids from linseed oil being tried as a substituk' foi' the 
glycerides in paint and varnish manufacture. As a jweliminary 
sk'p it was adxisable to ie])arate the more saturated acids, e.g. 
stearic acid, which weirs in susfs'nsioa. The fluid jiortion could be 
thickened with only sliglit loss by siiecial methods to yield litho- 
grajhic oils of low grade, which in emergency might find application 
in printing inks. For drying liquors and binding sizes favourable 
residts were obtained. Wlien used with pignicftts of an inert 
character inferior (piality paints were obtained, and although gloss 
and general ajqKiarancc were fairly satisfactory, the durability 
was poor compared with linseed oil jiaints. When iron turnings 
and fatty acids were* brought in contact in the pri'sence hf water, 
a red brown liquid containing 3-4 jkt cent iron (7.') per cent in 
the ferric condition) was obtained. This liquid had the ])roperty 
of drying in air like a boiled oil .and as su*h could be used with 
oxide of iron, umbers, ochres, blacks, and other inert jiigments to 
give fairly durable paints. Medium stoving and stamping varnishes, 
as well as jajian^ and black enamels, could be prepared, but their 
resistance to w(!atherinJ5 and to the action of watdr was poor and 
they lacked elasticity and body. The Experience of their use. in 
the dressing of waterproof sheets and tarpaulins was unsatisfactory. 
Gotton sheets were found to be better than flax sheets, probably 
owing to the greater absorbing power of the former, but they were 
decidedly lcs.s imjjcrvious to vAiter, drying hard and stiff and 
developing a tackiness when the sheets were folded.'*® 

Bevan removes stearic acid by a limited treatment with lime 
and then adds cobalt resinak; as a drier. .Wilkins and Allscbrook “ 
describe the action of metals, e.g. iron, on the linseed oil ^oids. 
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Boishm and Roihl claim to heat the linseed oil acids to a high 
temperature in the presence of metallic copper, nickel or cobalt, 
and to blow in oxygen until a sp. gr. of 0-992-0'998 is obtained. 

It is an advantage to add 12-15 jjer cent of tung oil and a small 
quantity of itn alkaline earth .soap to increase the speed of poly¬ 
merisation. 

The coTiiparison of the true oxygen absor))tion curves of linseed 
oil and its fatty acids gav(^ 28 -7 per <‘cnt and 30 • 1 per cent resijecti vely, 
although in the latter ea.se the period of induction was much shorter. 
'J’ho form of the curves is tlu^ same, showing (.hat the glyceryl radicle 
hius no inllucnce on the modiifi ojieramli of the oxidation (.see Figs. 

11 A, 1 In, and He, pp. 30, 31, 32).''“ 

Copals are easily soluble (even when unsweated) in the linseed 
oil fatty acids, but the solution on treatment with turpentine gives 
a precipitate of tins copal resin. It is only after the gum has been 
run in the oil-aeids in the ordinary manner that the mixing will 
stand thinning with turj)entine or petroleum sjurit. Linseed oil 
acids may be used as a solvent for rubber. 

• Drying Oils from Petroleum and other Hydrocarbons.—By 
chlorinating the hydrocarbons of the so-called neutral oils and 
removal of the chlorine introduced, Gardner and Bielouss“' state 
that oils are produced equal in drying power to linseed oil, but their ' 
colour is dark and the durability inferior to that of linseed oil. 
When heated to high ttnuperatures they are iiolymerised to solid 
elastic bodies. Much careful investigation will Ik; r(;quired before 
these substances can di.splae(; linseed oil. 


lUCFEEENOXS 

1. 'E. H. WllHon, Hull. Imp. Tvsl., 1!U3,11, 441. 

2. C'hem. Umachan, 1U21, 28, H. 

, 3. PaitU ManuJ. Amtc. (J.S.A., Clrc. J38, 1021. 

4 MorrelF;^ jTfttMj. Chem Soc., 19J2, 101. 20K2. 

Am. aS'wl Test. Mat., Siih-Comm. 3, I). 1, 1020. 

6. Ware,-foam. 2nd. ting. Chm., lOJfi, 8, 21. 

7. M. Notiuka, Jwim. Chem. Ind., JajMUi, 1021, 24, 1272. * 

8, NIoolet awl Uddlp, Jmm. Am. i'hetn. .S'w.. 1021, 43, 938. Morre]], loc. cit. 

9, (loldaobel, Joum. Itim. Phys. Chem. Soe., 1000, 38, 182. 

'10. Majlma, her.. 3909, 42, 074 and 1912, 45. 2730. 

31. Schumann, Jovm. Ind. ting. Chew., 1910, 8, 5. 

12. Knimbhaar, Chem. Zext., 1910, 40, 935. 

13. Sulway, Joum. Oil and Col. Chem. Assite., 1922, 5, 10. Moircll, Jonrn. OU and Col. Chem. 

Assoc., 1922, 6, 22. 

14. Mnirelt, Joum. Soe. Chem. Ind.. 391.5, 34,105. 

15. Scliaiirlnger, Karlsruhe, 1912. 

10. Ware, Joum. Ind. Eng. Chem., 1910, 8, 121. f 

17. Morrell, Jwm. Soc. Ghm. Ind., 1918, 37, 181, and TrrMs. Cltem. Soc., 1012,101, 2082, 

18. Ttich, Technology of Paints, p. 1^7. , 

19. Lcbpinaasc, Ann. Valsif., 7, 132, and Jonm. Sor. ('hetn. Ind., 1910, 38, 087. 

20. Anullar, Philippine Joum. Sn., 1919. 275. Ciarduor, Papers on Paint and Vatnuh, 1020, 

p. 7/. * Pawl Mannf. Assoc. V.if.A., Circs. 41. 76, 77. 

21. Brill and Accavlli, Phuippine Joum. Hci., 1915, 10. 

22. EuU. Imp. Inst., 1019,17, 591. 

23. A. F. West and Z. Monte, Philipninf Joum. Sci., 1921,18, 619. Analyst, 1922, 47 , 27. 

24. Raw Matmats Committee, Imp. hist., 1920» 

25. lanks, Oil and Col. Tr. Journ., 15/5/20. 

25a. K. 5. Bauer, Farb. Ztg., 1922,2750. - 

26. Sabin, Technology of Paint am Varnish, 1917, p. 238. 

27. Oordnor, Paint Researches, 1917. 

28. Gdrdncr, Paint Manuf. Assoc. U.S.A., C'lrc. 69,1019. 

29. H. Ix>w, Oil, Paint, and Drug Rep., 1920. ' 

30. y. B.%nlth, Joum, Iwl. Eng. Chem., 1922. 14 , 531. 



OTHER DRYING AND SEMI-DRYING OILS 


93 


31. lUser. Ot/, Paint, and Dmff Itep., 1920. 

32. Meihuislu Jirii. Pats., 24,572 (1013) uiul 0020 (1015). Brit Akioc,, R<TMrt8 on. Colloid 

Cliemiglrtr and its fndvittrini Appliratvois, 2nd Jlrport, lOJH, 100. 

33. JfiiU. Imp. Imf., 1!K)0, .1012, and 1013,11, .531. 

34. l)ubos<-, ('aoutrhmc et. Guita Pcrrka, JOIO. jonrn. Sor. Chinn. Ind., 1010, 38, 544. 

35. Eaton, Aoric. flnll., Mnluii fitales, 1010, 12, 73. 

30. ClanlniT, Joarn. Sw.. Clunn. Ind., 1021, 40, 220. , 

37. (lardtjcr, Jonrn. (hi and Col. Chem. Ahhoc., 1020, 3, 101. 

38. Jlolton and AiMlnsi, 1018, 43, 251. 

30. Tocli, Jonrn. Ind. Ena. Vhvm., 1011,3. 027. 

40. JoinMTi, OH and Col. Tr. Jonrn.. II/IO/IO. 

41. (ianliicr. Paod Mannf. Assw. //..S',.!., (’ire. OH 

42. WdhB. n. U. I‘at., 201. 130. M.atsiida, Jap. Pat, 34, 088. 

43. Am. Hoc. Test. Mat Coimn. I), 

44. Twltclii*ll, Jonrn. Ind. Ena. Chern., 1017, 9, 581, 

45. 'raujinioto, Annla.d, 1021, 46, 5,8. 

40. Ar<-hbuU and Momdl, Ann. itep. Sw Cficm. Ind., 1010, 4, 3()5 

47. Bovan, JIrd. Pat, 121.002 (11^10) 

48. Willvlnsatid Mlschmok, lint pat, 122,015(1010). 

40. Tloeliiu and Jlfilil. Urd. Pnl, 12.1,702 (1010). 

.50. ColFcy, Tram. Chnn. Sw , 1021. 119. 1152. 

.51. (JardiKT and E. Biclouss, Jonrn. Ind. Emj. Chinn. 1022, 14. 010. 







(WAPTEll VI 

VARNISH RESINS 

The majority of the rosins used liy tlio varnish maker are of vegetalile 
origin, being exudations of trees of many diffei'ent genefa and sjiocies. 
ft is only rewmtly that artifieial resins derived from coal tar jiroduets, 
e.g. BakelJte, Cumarone, and Para-indeni' rt'sins, have been used as 
substitutes. /For oil varnishes the natural resins are jireferred. 
The varnish'resins belong to.the class of gums u Inch are for the most 
part exudations of living trees or come from tlu^ secreted resins of 
fossil trees. These gums, sometimes alone, but often incorporated 
with a fluid, form more or less protective films on the escape of the 
solvent. They show generally the ])rop('rties of colloids when in 
solution, exeejit in alcohol, and form envulsoid solutions with water, 
oil, and other media. Some are completely solu ble in water, others 
swell up to give jellies, whilst others are unacted on. It is with 
members of the last class that the varnish maker has to deal. The 
colloid properties of the gums are in many re.speets similar to those 
of glue ami gelatine. <■ The resins can be readily distinguished from 
the true “ gums ” by the following simjile tests : (1) When a resin 
is held in a flame it takes fire and burns with a smoky flame giving 
off an aromatic odour. A gum similarly treated chars and smells 
of burnt'sugar ; (2) a resin placed in water is unaltered, whereas a 
gum dissolves or forms a jelly ; (3) when a resin is allowed to stand 
ill methylated sjiirit or in turpentine, it disintegi’ates or dissolves 
completely or partially. A gum is generally unacted on by these 
iolvents.'i L. Paul ^ considers that the resin substances occupy 
an intermediate position between inorganic colloids and bio-colloids. 
The colloid modifications of the true eonstituei^ts of resins are 
inalogous to indrganic disjiersions, which aiv colloidal modifications 
)f crystalloid substances. ' 

Although only the rosins are the important gum ingredients of 
varnishes, a passing reference to the true gums, by way of contrast, 
a advisable. The varnish terms, gums, gum resins, etc., are 
•estricted to the resins and havenothing to do with gum arabic, 
iherry gum or gum tragacanth. Gum arabic,and gum tragacanth 
.lan be taken as typical for purposes of comparison. 

Gum Arabic.—Gum aj-abic is obtained from varieties of Acacia 
•nd js kaown in the trade under many forihs, e.g. Turkey, White, 
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Kuraohee, Mogador, Wattle, and Senegal. Thes(! forms are all 
more or less soluble in water and swell up in that medium. 'They 
are insoluble in alcohol, and on boiling with dilute sulphuric acid 
give sugars (pentoses and hexo.ses), thus showing thiur carbohydrate 
nature. The best qualities are used for pharmaceutical prepara¬ 
tions, confectionery, and other purjjoses, whilst the commoner 
qualities are in demand in the textile industrie.s, as a binding material 
for artists’ water-colours and for mucilag<!s. 

Gum Tragacanth.—Gum tragacanth is obtained from various 
species of Astrakuius, indigenous to Greece, Asia Minor, Syria, and 
Persia. The gum ilow.s frei'ly from the stettrs where they are 
wounded, it is softer than acacia and cherry gums. Lik<i gum 
arabic it gives a viscous iiiiid with water and is hydi()ly.s('d with 
dilute sul])huri(! acid to give sugars. It is ii.se<l as a thickener in 
calico juinting and as a vcdnele in many jdiarmaeciitieal ])r(q)arations. 


Rals.vm.s and Or.noKESiNs 

The balsams are solutions or emulijions of resins in oil eaters. 
e.g. the esteis of cinnamic^ or benzoic acids, and they may contain 
also free cinnamic and benzoic acids. The oleoresins consist of 
resins dissolved in essential oils. It is, however, difficult to draw 
a hard and fast line between the i,wo classes by differences in the 
nature of the resin solvents. The balsams are c,s.sentially more 
fluid tlian the oleoresins, although certain varieties of oleoresins 
when fre.shly exuded hav<' considerable fluidity, so that the oleorrisin 
may be said to b(! exuded in the balsamic form, hardening on 
exposure to the viscous solid oleoresin. Canada balsam is classed 
amongst the oleonvsins rather than the balsams. The transformation 
of a balsam into an oleoresin may be a combined oxidation and 
polymerisation process. It may resemble the transfoi'n^jition of 
the latex into the solid rubber. The differences are perhaps rathbr 
of degree, although balsams often contain a high ])(wcentage of oil 
esters. Reference may be madt! to several of the commoner balsams 
for purposes of comparison, but the varnish maker does not handlo 
these substances. , 

Copaiba Balsam.— This contains ns much as (10 per cent of oil 
esters and is tlu! exudation of different varieties of (Jojmiferae 
occurring in S. America, Brazil (San Paulo), and Guiana. The 
production is sii/tple. The tree sGutis are cut into as far as the 
reddish-brown heart, and in a short time the balsam flows in quantity 
(up to 50 litres) and is collected. The balsam may be fluid (p.g. 0 -935- 
0-930), or a viscid fluid ns Maracaibo balsam. It is composed of 
an ethereal oil, 40 to 60 per cent, which may b(! distilled off and a 
resin, 40-60 per cent, which contains* crystalline acids, and in¬ 
different resins. Commercial paracopaiba balsam (s.g. 0-92-0-95) 
is a thin liquid, colourless, darkening on keeping, with a bitter 
taste and peculiar balsam-like odour. The Brazilian varieties have 
an almost turpentine-liltc smell. They are soluble in alcohol, ejher, 
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and benzol. The adulterations comprise turpentine, rosin, and 
ca.stof oil. The balsam finds little use in varnish manufacture. 

Gurjun Balsam.—Gurjun balsam is obtained from varieties of 
DipterocarpM in Burma, Java, and Ceylon. In Burma the collection 
is simple r t\l () or three holes are made at the base of the tree and 
the trunk is warmed. The holes are emptied every tliree or four 
days, and the holes remade. h>om two or three holes in the tree 
:i0-40 gallons of oil are obtained in one 5 mar.“ Gurjun balsam 
consists of a resin and an essential oil (40 to 82 per cent) which is 
a sesquiterpene (C 16 H 24 , b.p. 22.'5°-256° C.). Comparison may be 
made with the eom])o.sition of the pine oleoresin (p. 101 ) and also 
with lh(' copal oils obtained from the distillation or sweating of ' 
copal reisins, whereby depolymerisation ensues. A similar com¬ 
parison may be made with Venice turps, which has been obtained 
artificially from rosin, ro.sin oil, and turpentine. The more fluid 
balsams ])ass by polymerisation rather than oxidation to the 
viseous and eventually solid oleorcsins, especially as a balsam 
hardens 1 ^ treatment with magnesia and alkaline earths, as is the 
case with colophonium and the copal oils. Towards solvents 
Gurjun balsam behaves li^e the Copaiba balsam. In Java and 
Ceylon it can be used as resin lacquer much like Canada balsam. 

Other important balsams are Peru (San .Salvador), Mecca, 
find Tolu balsams. Storax (liqhid form, derived from Liquidamber 
slyracijica) from Mexico and Honduras,^ contains styrolene, cinnamic 
acid, eiimamyl cinnamate, styricine, jnyrocaipenc and a rcsene. 

E. Eourncau and M. Crespo ® suggest alcoholy,sis in the study of 
balsams, e.g. by boiling with alcohol containing hydrochloric acid, 
whereby the resins are unattacked whilst the free acids are esterified. 

In the analysis of Tolu balsam from S. America, T. Cocking and 
J. I). Kettle “ Tceoramend boiling with water and magnesia with 
the addition of a small quantity of xylol to soften the re.sinous 
matter the magnesium salts of the aromatic acids are soluble in 
wtiter, whilst those of the resin acids are insoluble. Trommsdorf 
found : •resin 88 per cent, acids 12 per cent, and volatile oil 0-2 
per cent. The balsams described find their iise in pharmacy. 


Olboresins 

It is difficult to separate the resins from olooresins for purposes 
of classification. Ordinary rosin is obtained from the fluid oleoresin 
tapped from tsees of the genus Finns, th» volatile spirit being oil 
of turpentine. The fluid eleoresin has many names, e.g. turpentine, 
lerebenthit^, terpentine, gum thus. Similariy the volatile oil is oil of 
turpentine, essence de terebenihine, terpentindl, and turps. Venice 
turpentine, Strasbourg turpentine, Canada balsam, Bordeaux turpen- ■ 
tine, galipot, are names gfven to local varieties of the oleoresin 
(galipot is a hardened oleoresin from the Landes district of S.W. 
France)! Elemi, Dammar, Mastic, Sandarach are various forms of 
nl'eoresins, which flow by wound response of the stem and gradually 
harc^en on exposure to air. 
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. Pinus Oleoresin.—The most important oleoresins are, those 
derived from varieties of Pinus, and owing to the increasing use of 
China wood oil they are becoming more, and more popular for 
varnish making.. When incorporated with linseed oil the rosin, 
after removal of the volatik^ oil, giv(!s a coating of inhwior durability, 
but by substitution of tung oil for liasecd oil an excellent proU^ctivc 
coating may be obtained. 

Bordeaux Turpenlinc.—’TWxti ok'oresin is obtained from Pinus 
marHitna, which is cultivated on the .sand dunes of the Landes 
district (Gironde and Gascony). The cultivation has been greatly 
dev'cloped since tlu^ end of the ISth century. The growth of the 
tree is so ra[)id that it attains a diameter of nearly a foot in twenty- 
live ^'cars, and the secretion is so abundant that in some <!asea 
collection is l)egun when the trees are barely fifteen years old, as 
in the eas(' of the so-called ehuiranee treiw, which have to nujko 
room for those reserved for longer ta))))ing. The collection of the 
resin is begun noi iuallv at the iO-lSOth year and may (auitiniK* to 
th(! T.'ith year. The area undei- erdtivation in 1909 was 750,(X>0 
hectares. The development of the industry has progres.sed more 
in Trance than in the Cnited states. TIk' French method of 
collection is much moi'c (vonomical and less destructive to the 
tre<>, which has therefore a longer Jease of life' and consequently 
is far more productive'. A eeunprehensive account of the French 
turjjentine' industry is give'ii in a pajx'r by A. Joly,’ of which the 
following is an a hstrae't • 


Morphology of Pinus maritima 

The Flowers. -The Pinus mnrilinm has male and,femah! flowers 
on the; same ste'in. The' male' fleewers consist eef an e'tdargcmcBt 
ceemieeeseel eef simdl ])e)ckeits fidl eef ])e)lle'n, which spread themselves 
e)ver the female flejwers in the shape of small herbaceerats con^ 
covered with hue' elreejis eef resin tee which the peelk'H adhercjj^. The 
polk'n grain e'eensists e)f a body furnisheel with twee small air sacs, 
and on aelhesion it puts out a gerndiiiitive tube, but does not 
fertilise the o\ ule until the fedlenving yeai'. The fruits, pommes* 
de pin. consist of cones which attain to a length e)f 8-15 cm., with 
a rough leeseenge pattern surfae;ee. Each angle of a leezenge is con¬ 
nected with a hard we)e)dy shell which prote'cts the seed. These 
fruits become ripo towards the enel of the second ^year, and the 
seeels Ixicome de-tached in A)>ril. The gathering of the seeds takes 
place usuaii" in March, in the case of carefully .selected full-grown 
trees. The pommes de. pin are submitted to a gentle heat (ri0°-55° C.) 
in order to distend the shells and to allow the seed to detach itself 
easily. , 

The Seed .—The seed is provided with a membranous extension 
which has to be crushed. The actual seed consists of oily albuminous 
material, longitudinally crossed by an embryo which has usually 
seven cotyledons and is covered by two membranes, a thin endocarp, 
and a hard woody epicarp. Frojn this seed it is possible to extsact 
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15 per cent by weight of a drying oil (s.g. 0-928).** It has been 
pointed out that Hevea BrazUiensis seed yields a drying oil (Para 
rubber-seed oil). The germination does not take place until a 
month has elapsed, and then the young pine shows a small pivoting 
root and seven seminal leaves of triangular section. 

The Leaves.—Pinus maritima has four varieties of leaves; 
(1) the seminal leaves of triangular section wdth a single libcro- 
ligneous fascia ; (2) the first year’s leaves, whiidi are isolated, thin, 
short and filiform ; (3) the bracteafi! leaves ; (4) the ordinary 
leaves, needle-shajjed, with a striped semicircular section, their 
length varying from 10-20 cm. and their thickness 1-1-5 mm. If 
one examines a transvers<! section under the microscope one finds 
on its edge a sclerous envelope which gives rigidity to the needle. 
This envelope is perforatc^d by stomata, which penetrate as far 
as the chlorophyllic tissue, whose cells are folded over in a character¬ 
istic manner. I’owaitJs the centre is found an endoderm consisting 
of cells '.lattened and corrugate<l in their lateral walla. In the 
centre of this endoderm one finds two liberoligneous fascia? with 
the wood turned towards the plane surface. Finally, the ehloro- 
phyllic parenchyma contains a variable number of resin ducts 
(two to nineteen) surrounding the endoderm. In certain cases 
these needles are submitted to distillation, but after some experience 
the idea has been conceived of making a vegetable horsehair from 
them, washable and undecomposablo. It has been considered 
advisable to mention the seeds and leaVes in detail because of later 
reference to their resinous content in connection with otkr varieties 
of Pirnts (Do\iglas fir). 

The Wood. —Under the microscope three tissues only are seen ; 
the tracheids, the medullary rays, and the resin ducts. 

(1) The Tratheids (\)). —In a longitudinal radial section 

, the tracheids are found in the shajK; of ligneous shells, very elon¬ 
gated, entirely prismatic and enclosed, and terminated by a bevel 
at both ends. In the spring wood their walls are thinner and 
more separated than in the summer wood, when; they appear 
.thickened and with only a small space between them. The walls 
of the tracheids are piarked with a series of small discs lenticular 
in shape, which have an opening in their centre. These discs 
are joined together and separated from each other by a jKsrmeablo 
membrane, w-hich permits the sap to circulate from one cell to 
another. Finally, the tracheids are crosjsed psrjjendicularly by 
the medullary rays. „ 

(2) The Medullary Rays (Fig. 21 (2)).—The medullary rays 
consist of a group of rectangular cells superposed so as to form 
one single column and radiating from the circumference towards 
the centre in varying lengths. The cells are perpendicular to the 
tracheids, and those which form a connection with the tracheids are 
bevelled. 

• The oil from seeds qf Pima sylvestru contains 3 per cent solid acids 
(paUtis and stearic) and 67 per cent fluid Bcids'(36 per cent oleic acid, 56-2 
ImoHC acid, and.7-6 per cent linolenic er-id) having I.V. 169-2 and S.V. 190-7. 
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(3) The Resin Ducts 
(Pig. 21 (3)).—The transverse 
section shows the difference 
between the tracheids of 
spring wood and those of sum¬ 
mer wood, this latter being 
dotted with resin ducts. Tlie 
medullary rays are rejue- 
sented by black lines.' The 
duets intended to convey the 
rosin are found («.) in' the 
wood of the root and of the 
stem ; (6) in the. cortical par¬ 
enchyma of tlu! branches ; 
and (c) in the leaves. They 
are vertical and parallel with 
the axis of the trunk. A 
transverse section .shows a 
du(!t surrounded with large 
parietal cells, where the resin 
is formed by means of a pro¬ 
cess which is still obscure. 
The.se parietal cells are sur¬ 
rounded by others of the 
saitH' shape and more flat¬ 
tened, beyond which th(‘re is 
a ligneous parenchyma con¬ 
taining amylaceous cells and 
surrounded by the tracheids. 
Finally, the medullary rays 
themselves contain small 
resin ducts vliich are tan¬ 
gential and periM'ndicular to 
the large vertical ducts. They 
are full of resin, especially 
on the side leading from the 
large ducts towards the cir¬ 
cumference. This accounts 
for the small depths of the 
grooves made during, the 
operation of “ geinmago.” If 
the sectioiis mounted for 
microscopical examination Ixi 
treated with acetate of cop¬ 
per, the resin ducts become 
stained yellow and are clearly 
discernible. The oledresin is 
not like ordinary sap. The 
pine has a sap which* is a 
water solution, quite different 
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• Fig. 21.—SocUonB of Pint** rmTitima , 
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chenfically from oleoresin. The sap circulates between the roots 
and leaves through the fibrous cells of the sap wood and also 
tlirough the cells of the soft inner bark. The oleoresin is associated 
with <!xcesH <t)f materials not used up in the production of wood, 
leaves, and bark, but stored inside the wood. 

The (jemmage. —The resin originating in the large cells of the 
resin ducts has a tendency to reach the cireumferenoe by moans 
of th(( small resin duets of the nu^dullary raj's tangential and per¬ 
pendicular to them, so that a superficial incision made in the tnink 
of the tree allows the extraction of the maximum amount of resin. 
The parts nearer the circumference arc richer in resin than the 
central part. The ta])])er (qemmeur) performing the operation of 
pricking (jnquage) stimulates the sciction of the vertical resin ducts 
and lays bare the small diuds of the new medullary rays. 

TIk Carres. —The incision made on the trunk of the I’inus 
rmritima is called a earre.. The size of the incision is regulated 
by the Administration des ForHs, and should not exceed 8-9 cm. 
in length and fiJ) cm. in height per annum, which means about 
3-50 metres {11-6 ft.) in the fifth year, when the work of a carre 
is ended. The de])th should not exceed 1 cm. These measure¬ 
ments are carefully controlled by means of a three-dimensional 
calli])er {carrimetre). < 

The distribution of the rarres is arranged out with the greatest 
care. The first rarre is performed on the thickest part of the tree, 
which is u.sually on the east side. It is carruid out for three or 
four years until the annual incision reaches a height of 60 cm. 

After giving the tiee .several years’ rest, the second carre is 
made. This takes place at a point 120° N.W. of the first. The 
second carre and those which succeed it are carried out in the same 
manner as the first. The third is made at a point 120° from the 
, second on the south side, the result being that these three carres 
form the corners of an equilateral triangle. The fourth, which is 
opposite to the third, is made at a point 60° N.E. of the first, 
the fifth at the point 120° of the fourth, and so on up to the eighth, 
f There arc several lands of gemmage : 

(1) Gemmage by , exhaustion, applied to clearance pines. This 
is usually performed on trees fifteen years old, which are exhausted 
in four or five years, after which they are cut down so as to admit 
air around the pines which will require longer treatment. 

(2) PerpetRal gemmage (d vie), consisting inemoderate incision 
in pines thirty years old, during a period of any length broken by 
long intervals of rest. 

(3) Gemmage by exhaustion, preceding the razing to the ground, 

is performed on old trees marked for cutting down twelve years 
later. ' , 

(4) Gemmage d mart, in which case the tree will be exhausted in 
one or two years. 

•The tapper’s (gemmeur) tools comprise a sarcU d peler for 
remoyjpg the rough part covering the living bark at the point 
where the Cfirre is to be made. The habchoU is a kind of 
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hatchet provided with a liandlo 2J feet long with a curved blade. 
The barrasquile or rasclet is a tool shaped like a curved gouged pro¬ 
vided with a long handle much like the sarck <) pefer. It is used 
for pricking (piq-uagc) the upixr part of the carres, i.c. for deepening 
the grooves cut. Formerly this operation was accomplished by 
means of the habchoU, and the gemmeur used a ladder called 
a crabc, which was a pole provided with several steps and forced 
into the ground. Of the two proeessi^ used for the recovery of 
the gemme the one called au pot is the only one in use nowadays. 
In this process a transverse incision is made across the carre by 
means of ptishcramps. This gi’oove' is intended to receive a sheet 
of zinc, furnished with cramps, Irencath which is placed a pot of 
glazed clay for holding the gemme. Sometimes covered pots arc 
used to avoid evaporation of volatiU^ components of the gemme. 
The gemme which has dried and hardened on the epamp is called 
galipot. The gemme and galipot arc collected and jrlaced in large 
wooden bowls. Onr; carre can yield 1500-2000 c.c. per .season. 
The Bordeaux turpentine fresh from the tree has a diilhgreeable 
(Hlour and an acid, bittrT taste. It is a thick, transparent liquid, 
which subsequently becomes cloudy and viscous. On the average 
it contains- 

Oil of turpnnUno.te-SO per cent. 

T)ry products . . ^ . . 70-S0 „ 

Water. 10 .. 

Wand and imjatritles .... „ 

• 

The collection of resin is made five or seven times during the season, 
but the last collections are much le.ss rich in turpentine oil than 
the lirst. In the French process the trtns are worked when they 
are twenty-five years old and cuts continued until they have reached 
saw-mill size, i.e. when they are seventy-five years old. The trees 
are then felled by a travelling saw-mill and there is a second growth 
in the same area immediately afterwards. In the United States 
a given tract of country is worked only for six to ten years, but the 
exhaustion of the trees is much more rapid. It is to av?)id this 
exhaustion of the pine forests that the French system of tapping 
has been recently investigated by the U.S. Government. * 

Tsohirch and Weigel give the compositibn of the gemme as 
follows : 

Kesinie acids. per coni. 

Esaontiaioils.25-20 „ 

Rosene . . •.5-() *„ 

Various.1-2 „ 

Tsohirch and Bruning, on treatment of Bordeaux resin with 
sodium carbonate, obtained a soluble part, 64 per cent, which on 
treatment with ammonium carbonate ^ave a mixture of soluble 
pimarinic acid, CiiH^jOj, 6 per cent, and two acids insoluble in 
ammonium carbonate, viz. pimaric acid, CjoHgoOj, 8 per cent, and 
^-50 per cent of «- and iS-pimarolic acids, CigHajOj. The part 
insoluble in sodium carbonate consisted of 25-26 per cent volatile 
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CjoHjg and 3-4 per oont loss volatile OjoHj,, with 5-6 per cent 
bord6rdseni^ The distillation of the olooresin comprises the turpen¬ 
tine and rosin industry, which will be referred to in detail later. 

American Oleoresin, Turpentine, Gum Thus.—The most im¬ 
portant American vajiidies of turjrentine-yielding pines are Finns 
paluslris (iSouthcrn lougleaf yellow pine), Finns tmila (loblolly pine), 
and Finns carihmi (Cuban or slash pine). Central America is as 
yet an undevelo])ed area (Mexico and British Honduras), but Finns 
ayacahuite (Mexican white pine) flourishes there. It must be 
pointi^d out that the oleoresin is found in all varieties of pine, but 
only a few give a flow of sap After the incision of the bark ; thus 
the Douglas fir (British (’olumbia) does not give any yield of oleo¬ 
resin on tapjiing, but turjamtim! may 1 h' obtained by steam or by 
destructive distillation. 

Morphology of Pinus palustris.— The inorjAology of Finns 
mayilima has been de.sc^ibed especially in reference to the occurrence 
of the oleoresin in the wood. It is advisable to give a short account 
of the location of the gum in th(> American Finns -palustris. The 
oleorc.sin is located in so-called “ resin passages ” or spaces between 
the wood cells, as shown in Fig. 22. The cells which arc to 
yield gum arc formed from the eambiutn layer, the narrow ring 
of soft, delicate cells which lies between the bark and the wood, 
Fig. 22. During the growing .season the cambium forms bark on 
the outside and on the inside the wood of the new annual ring by 
the divi.sion and growth of its simple cells into more specialised 
wood cells which develop variously into wood fibn'S (T), ray 
parenchyma cells (MR), and other parenchyma cells (GP), Fig. 22. 
The special thin-wallcd or parenchyma cells of pine, which are 
associated with gum production, occur in groups or clusters which 
frequently split apart at the centre to form moi-e or leas open spaces, 
the so-called resin ducts, canals, or passaged. Although the heart 
.wood is found to contain a higlmr percentage of resin, it is in the 
sap wood that the resin is produced. The actively gum-yielding 
clustera-of parenchyma cells are found under the bark in the outer 
layer made up of a var\ing numlxu' of the annual rings of the 
■wood. They remain alive longer than the other wood cells or 
fibres, and are able to grow and act upon the materials that are 
brought into them, or stored in them, during the growing seasons. 
The wood fibres or tracheids, although deari in less than a year 
after they originate at the cambium, function nevertheless in the 
sap wood, somewhat like water-pipes, in the tbnduction of the 
sap. The yield of gum depends very largely upon the health and 
activity of the thin-walled resin-produeing parenchyma cells in the 
pine sap wood. If well treated the yield of oleoresin is high; if 
Idlled, the source of supply is lost. By stripping off a piece of 
bark and laying bare one square inch of the sap wood of long-leafed 
pine 300-400 horizontally extended rays would be exposed, each 
containing rosin ducts or cell's. The wounding of the tree appears 
*0 'stimulate the activities of the living parenchyma cells already 
present This response' to wound stimulus is noticeable in early 
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B» wood forinod by “ bled' timberw. 

C, cambium. 

1). Rum duet or rosin eunal 
GP, Kfonp of “ ffum-" yicidlnp: parenchyma 
coUk not opened’fqfiu a canal. 

HIE, rays. • 

AR, annual rlntw, on* year’s irrowth. 

D and QP iti.tke up the veAtcal syatem of 
“ sum-” yielillng tissue. 

H, horUontai resin dur-t as seen on surface of 
face or in plain sawn lumber. 

BK, bark. 

E, wood formed In " round ” timber. 

SP, spring wood. • 

T. wood fibres or tracheids. 

Sw, summer wood. • 

I. A CTosS'Section of a young fast-growing 

tree that was heavily turt>cnUnc<l for 
three years. Note reduoed wicith of 
annual rings in B, compared with growth 

• 


22 . 

before turpentining R, alsogreatreduction 
in the sTtmmer wood. 

2. A tree also turpentined for tliree yearn. 

Note more numerous but smaller ducts 
in It tlian In K (lower portion). Summer 
wood reduced her^also. 

3. A “virgin” operation with narrow chip- 

plrit. Growth was not r(;duct?d in this 
tree; sample w'as cut in midsummer. 
Note abundant resin - producing cells, 
forming series GP. 

4. Simlkr to 3, but shows more clearly 

mmbium, C, and tlio individual living 
■•gum-’' yielding parenchyma cells in 
groups or clusters GP. 

5. Cross-section of new growth In 8T>rlim 

wood. Only tracheids T liave yet formed 
in new growth ring; no ducts yet present. 

6. Leni^hwtso view of vertical “gum-” 

yleidihg system, GP, and end view of 
horizontal system at H. • 
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single ehijjping a month before the rogiilai' turpentining season 
begitfr, and produces a much larger annual yield of oleoresin. It 
must bo remembered that the production of tur))entine is not the 
tapping of a storage reservoir. It must be earned on so as to 
husband the'prod\ietion of oleoresin and eontiol th<‘ stimulation 
of the cells which [uoduee it. The most successful flow of gum 
comes from the stimulated resin-yielding parenchyma cells, which 
are maintainc'd in as normal a condition as ])ossible with I’cference 
to such factors as moisture and food supply. For further details 
rehireiu^e must be made to an article by Eloise Gerry on the 
I'rodurlhm of ('rude (lum by the Pine Tree} 

A. W. Scliorgerlinds that the oleoiesin of heart wood of the 
Douglas lir has a t-2'84" and yields /-pinene ( 0 ,,= -47-5°). He 
•states that the phot.oeli('mic.al ])rocesse.s occur ring in the leaves and 
woody portion of certain eoniferre are different, 'i’he oil or essence 
from the leaves consists of elo.sed r ing compounds, chiefly tei’penes 
in the case of Pinns nabininna (digger pine) and Piniin Jeffreyi 
(Jeffrey pine). I’lorn the woody jiortions of the ti'ce alijrhatie deriva¬ 
tives are obtained (normal hejrtane). 

The oleoresin from Pinos kvda contains 15-30 {wr cent essencre. 
Formerly it was collected according to the " box ” system, wherein 
the ('xnded gum from ” ehi]r])ing ” or “ haehing ” of the bark above 
the box was traj)])ed (J'’ig. 23, Ir'l't), The, boxes arc cut in the base 
of the tree about Klin, from the ground. The box is a cavity, 
ranging in size fiom 10-14 in. in width, from 5-7 in. in the .stump, 
and from 2|-31 in. in the back according to the size of the 
timber. Each box holds about | gall, of icsin. The boxes are 
em])tied six or eight times in the year, and 10,000 boxes yi(dd by 
each dip forty casks dip-gum or' soft gum, each of 240 lb. w'cight. 
The exudation of the re.sin is greatest in Jitly and August. The 
collection is kr'jrt up for four to live year's and then the tree is 
• abandoned. This method of ciollection has iK'im reirlaced by a cup and 
gutter system (h’ig. 23, right), which preserves the life of the tree 
from four to eight years. By this method two shallow incisions 
and two galvanised iron strijrs (0-12 in. long and 2 in. broad) are 
placed at 120° to each other, and above a cup which collects the 
exuded resin.Neverthelc.ss, it is more wasteful than the French 
method. 

The solid oleoresin left after the? removal of the fluid part of 
what has solidified on the stern is removed by scraping (scrape), 
and is known a« “ gum thus ” (the galipot of American turpentine). 

A. Carey states that the yirdd from the slash pine is much 
higher than from the long-leaf variety. The dip yield can be 
increased by moving up the cups annually. 

H. Adams states that redi.stiiled Jeffrey pine W'ood-turpentino 
gave 90 per cent normal heptane; and as the result of the examination 
of single-leaf nut pine, Jeffrey jrine, and Western yellow irine, it was 
found that the turps oil from the wood and oleoresin are similar 
in character. 

Tsctirch and Hortschbner give the composition of the oleoresin 
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as containing parabietic acid, C2(,H3(,02 (sylvic acid of Fahrion', with 
an ethereal oil, a resene, and a bitter principle. 

Venice Turpentine.—Venice turp<!ntine is derived from Pinus 
Ijurix, the oleoresin of which is collected in spring, principally in 
Piedmont and in tin; Tyrol. It contains resin acids 00-04 per cent, 
e.ssential oils 20-22 pei' cent, resenes 14-15 }Xir cent, and various, 
2-4 ]3er cent. 



Flu, 23.—American colhvtlnfr boxes. Left.: Section nikl view of Ixix system. 
Itight: Ciiji and gutter system. 


Andesstates that by fusion of colophony in rosin oil and by 
addition of tuipefttine hp obtained an artificial Venice turpentine. 

Strasbourg Turpentine {Pinus picea ),—Strasbourg turptmtine 
solidifies by the action of magnesia, whereas Venice turpentine 
does not; this is of interest, because of the general coagulating 
influeneo of all alkaline earths on the depolymerisation products 
of the resins cither in the form sf rosin or of copal resins. It is 
collected twice annually (spring and autumn). It has a lemon-like 
odour. Its composition in amount of resin acids, oils, and resenes 
is nearly that of Venice turps. 

Canada Balsam. —^The collection of the balsam from Abies 




106 


VARNISHES AND THEIR COMPONENTS 


canadensis is tedious. A tree yields on tapping not more than 
8 oz., and the collection must be done in fine weather, otherwise 
the rosin is cloudy. A tree flows only two years, and is then left 
throe years. Even afterwards the jield is much smaller than in 
the first three years. The export from Montreal and QucIh'C is 
20,000 kilos annually. 

Tschirdi and Bruning'* have isolated from the oleoresin the 
following acids : 


Canadolic acid, (IijHopO.^ 1 

a and /iCanadinolic acids,C, 5 H 3402 i 
Canadic acid, Cii)H 34 (),j 


soluble in sodium carbonate, 
soluble in ammonium carbonate. 


The oleoresin (contains resin acids, 63 jmt cent; es,sential oils, 
23-24 per cent, b.p. 160°-70° C. and containing Z-pinene, r(!s(incs 
11-12 jx-r cent, and various 1-2 ])er cent. Canada balsam is 
distinguished from other oleorcsins by its refractive index (1-5104- 
1 -5213 at 20° 0.), so that a sl.arch granule emix-dded therein remains 
visible, whereas in other balsams it is indistinct or disapjteors com¬ 
pletely. 

. The general jiropertics of the terebenthenes may bt' summarised 
as follows : 


(1) The composition of the oleorcsins of most varieties of pines 

is essentially the same. ' 

(2) The essential oils are terjxmes of different rotatory powers, 
acting as solvents of the resin acids, which are nearly of the same 
comjxjsition but differing in modificatiohs. 

(3) All may be made to yield a turpentine and a rosin. 

Canada balsam, Venice and Strasbourg turpentine, are the most 

important olcoresins which arc in general use. 

Eleml.—This oleoresin is mentioned only for the purpose of 
showing the gradual transition from the balsam-like character to 
.varnish rosin, just as the following Boswtllia serrata will be referred 
te to show the character of a gum resin in which the carbohydrate 
gum is associated with oleoresin comjxments. 

Elemi may be either balsam-like, as the oleoresin previously 
described, or passing to a solid resin form. It is generally too 
soft for oil-varnish resins, and finds use only in s|)ecial spirit varnishes. 
It is stated that the films suffer on cxpo.Hure to light and air. The 
most important varieties of elemi (obtained from the Burseracea 
famil}') are the Brazil, Mexican, Manila, and African forms. They 
are incompletely soluble in alcohol and turpentine, but soluble in a 
mixture of the two solven/s. On distillation Elemi gives a mixture 
of dipentene and phell.andrene.*’ The resin contains 20-25 per 
cent amyrin (a mixture of two crystalline amyrins, C 30 H 45 OH), 
which is considered by some to be an alcohol (resinol), as it forms 
crystalline benzoates, by others »as analogous to terpene hydrate, 
a-amyrin benzoate when distilled gives a hydrocarbon a-amyrene, 
CjoH^g, which forms a crystalline dibromidc,' m.p. 259° C.“ The 
composition of the two varieties of olemi is shown in the following 
table: 
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Brazil Eleml. 


Amyrins, per rent . . 30 

Rosenes „ . . 38 

Acids „ . . 25 

Essential oils, per cent 
Impurities, etc., per cent . 5-0 


Manila Elcmi. 
2t).25 
30-35 
13-19 
20-25 


Indian Frankincense or Olibanum (Boswellia serrala ).—This gum 
resin contains 55-57 per cent of resin, 8-9 per cent of turpentine- 
oil, and 20-23 pt'r cent of gum, of which 74 per cent is 
soluble in water. It Inis been proy)o,sed as a source, of turpentine 
and resin.''’ Olibanum is a gum oleon\sin (incense) from the Salai 
tree, coming from India and Africa. The exudation is known 
locally as salaigugl. Except as a source of rosin and turpentine 
it has no direct u.se in the varnish indu.stry. The low acid and 
saponification values of the resin (5145 and 61-3) make it useless 
for .soayi-making. The gum posse.sses weak adhe.sive power. The 
composition is of interest: 

V«r rent-. 

(funi (earboliydrat(‘) aolublo in water . . 30*8 

Kpsiti Kobililo in alcohol ... . . 50 (an acid C 20 H 30 O 3 ) 

Essential oil.. . 8 

Insoluble.. •. 5*2 


The essential oil on examination gives 81 per ix-nt boiling 
below 109“ ('.. and 14-4 jx-r cent lietween KiO" and 180° C.; -t 4-54 au; 
s.g. 0-8435 (Eowler and Malankar).'” The terpenes arc stated to 
consist of pinene, dipentene, camphene, and p. cymene. The 
method of seyiaration of tlfe resin and gum consists in removal of 
the oil by steam distillation and hydration of the resin by heating 
with water under pressure, whereby the hydrated resin floats on 
the surface and can be removed as a solid on cooling. The gum 
forms a flocculent precipitate on the bottom of the vessel. 


Tub Vaknish Rksins 

The resins arc essentially exudations from trees (the direct 
viigetable origin of lac is disputed). About five-sevenths of the 
total imports of varnish resins into the United Kingdom are obtained 
from Imperial sources. In 1908 the imports were valued a# 
£2,803,535; they included ^shellac from India, kauri from New 
Zealand, copal from British West Africa, .animi from Zanzibar, 
copal and dammar from Singapore. Most of the Zanzibar copal 
is collected in what was formerly German East Africa, and a large 
part of the Singapore «;opal comes from the Dutch East India 
possessions. The varui.sh resins are more or less hard, friable or 
brittle, transparent or lustrous; They are insoluble in.water (cf. 
Boswellia serrata) ; some are soluble in alcohol, ether, or benzol; 
others require strong fusion before they can be incorporated with 
solvents for varnishes.' The reseurches of Tschirch and his pupils 
have thrown light qn the composition of the resins, but fuller 
investigation is necessary, and a careful comparison of the components 
and of their decomposition products is very desirable. Generally 
the resins contain adds (resinolic acids, Tschirch) ; e.g. foein 
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(coloi|hony) oontains abietic acid, amber contains succinoabietic acid, 
from which succinic acid can be isolated ; dammar yields dammarolic 
acid, CjjHgoO,, and dammarylic acid, CajHjoOj (Franchimont); 
Zanzibar cojial contains trachylolic acid, OmHssOj.* 

Some acids arc monobasic, others dibasic, etc,., and oxyacids. 
No gieat r('Iianc(> can bo placed on the formulce, as will bo seen 
from the propo.sed formulaj for abietic acid given under colophony. 
There is always the uncertainty of comi)lctc purity of the acids 
analysed ; moreover, in bodies of apparently high molecular weight 
the unavoidable analytical errors make it difficult to fix the number 
of carbon and hydrogen atoms with certainty. Important com¬ 
ponents are the res(‘nes (Tsehirch), which are oxygenated bodies, 
neither alcohols, esters, ketones, nor akhOiydes. They an^ in¬ 
soluble in alkalies, and their iuertne.ss renders their presence in 
resins of great imi)ortancc in varnish making. 

It has been suggested that the re.sene content is of value in 
estimating the (piality of a varnish gum, but as dammar contains 
62-5 i«;r cent, Zanzibar only (i ]>«• cent, and Manila copal 12 ])er 
cent, it cannot be said that there is much practical importance 
in the statement. 

Dammar contains a resene, (m.p. 65° C., sol. in alcohol), 

and /f-resene (ni.j). 200 ° C., insol. in alcohol) as well as dammarolic 


acid, C’seHgoOg, and a terpene, ('i„Hi 8 .'^“ 

Acid dammarolic . . 2.‘P(> Wat^>r .... 2 5 

a-yeflono .... 4()-() Ashl'clo.ll*.') 

/i-reaene .... 22'6 Volatile matter . . 0*5 


The resenes are stated to be derived from the oxidation of 
alcohols (resinols) ; they may be also of th(^ nature of hydrates 
of the terpenes (terpineol). Dietcrich states that fifty-three resenes 
are known. 

The main constituents of the resins according to Tsehirch are : 
resin esters, lesiii acids, resenes, and resinols. 

Amber contains a suceinoresinol. (m.p. 275° C.); pine 

resin, a pinoresinol, (’jsHjsOs (also pimarinic acid, Ci 4 H 2 o() 2 , and 
4 >imarie acid, OjoHaoOj). 

Elemi contains and /1-amyrin, C 30 H 45 OH (m.p. 183°-184° C. 
and 193°-194“ V.)}^ 

Sumatra benzoin edntains sumresinotannol, 04 sHj 8 O 8 (OH), which 
yields picric acid with nitric acid and pyTocatechnic acid on alkali 
fusion.^ Yellow accroides contains xanthp-resinttannol, C 43 H 4 JO 10 
(Tsehirch). Resinols hayc been separated from the softej oleo- 
resins; cf. elemi, benzoin, turpentine. 

The resinotannols which yield aromatic degradation products 
occur in the soft olcoresins such as benzoin, tolu balsam, and 
aoaroid. The resinolic aoids apd the resenes are characteristic 
of the hard oleoresins and copals as well as of the soft oleoresins. 

The Formation of Resins' In the Plant.-^The resin secretion' 
cells of a plant may be stimulated by wounding to give a flow, 

• Manila copal yields three monobasic acids, CjpHisO,, CjjHmO,, and 
CanlknOa. 10. E. RiohmonH. PhUinninp^J. IftlO. K 177 1 
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and even if the plant shows no sueh secretion cells these can bo 
generated, as in Liqnidamhar and tityrax, by destroying the new 
wood, whereby the how of balsam can be (sontirmed for years, if 
the wound be imlarged from time to time. According to Wiesner, 
Moller, and others, nearly all the resins, gum resins, and balsams 
are formed in special secretory glamls. The solid resins, such as 
those furnished by ITmbelliferae (asafmtida, ammoniacum, etc.) 
are oxidised by the ejuthelial cells in the chizogenic glands, whilst 
the balsams are formed in the lysigenic oil cavities by dis,solution 
of the coll membranes.-- 

In the ease of lac, Tsehircli favours the view that it is partly 
vegetable and partly animal in oiigin. ; At is a special resin, contain¬ 
ing a wax and colouring matter in addition to re.sin. 

It is chiehy in eonnectifm with the olcoresin from the many 
species of pine that the production of resins in the plants luis been 
systematically .studied (see jiage 97). ^ Many forms of i! 0 ]>al are 
of fossil origin, whilst the .softer varieties arc collected by aborigines 
from living trees, but little attention is ])aid to improvdng the yield 
or extending the cultivation of the parent trees. 

Classification ol the Resins.— In view of the eomj)lcxity of 
chemical composition, and in spite of the investigations of Tschirch 
and his pupils, it is diffimdt to classify resins satisfactorily, so that 
differences of chemical composition will go hand in hand with 
physical properties, which ari^ apparently the more deciding factors 
of industrial importance. • 

Tschirch in iS99 diew up the following scheme of classification : 

(1) licsinotannol resins: (o) benzoic acid resins; (b) umbellifer 
resins. 

(2) Resene resins: (a) droscracesenisins; (ft) dipteroearpea; rosins. 

(3) Rcfsinol resins. • 

(4) Resinol acid resins : (a) conih'rse resins; (ft) csesalninoidese 
(hymencea) resins. 

(5) Gluco-resins. 

Dicterich [woposiw the following classification : 

(1) Resins which are esters of the aromatic scries, either con¬ 
taining free acids or not: benzoin, dragon’s blood, accroides* 
These resins are soluble in methylated spirit.’ 

(2) Resins which are esters of specifio rosin acids, with or 

without free re.sin acids and containing es.sential oils, turpentine, 
mastic, elemi, etc^ These arc soluble or partly soluble in methylated 
spirit, or soluble in orgESiio solvents. • 

(3) Resins which arc not esters, brft contain only free resin 
acids, occasionally accompanied by inert admixtures (renenes); e.g. 
colophony, copals, sandarach, dammar, guaiacum.* 

1 . The above schemes are of little practical value where it is 
essential to grade gums by thoi^ hardness, or more especially by 
the hardness of theirrfilms after sweating or running. ) 

Another classification is by age (balsams are excluded): 

(o) Recent resins, j.e. those which arc obtained either from 

f Holdt. Gardner and Jameson ^bdivide (3) into 3 groups based dh the 
relative solubility of^the unsaponifiable portion of the resins.“ 
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growing trees or from trees growing within reeent times ; this 
includes many of the copals and colophonium. 

(b) Recent fossil resins : copals (certain varieties). 

(c) Fossil,resins; e.g. amber and the harder varieties of copals. 

This scheme is not satisfactory, and is justified only by the 

experience that the older the gum the better it is considered to be. 

Coffignier classifies the resins by a scale of kardness determined 
by, a special machine ; “ 

(1) Hard resins; (2) serai-hard resins: (3) soft resins; (4) special 
class, including amber, kauri, pontianac, and shellac; (5) various. 

These are followed by the oleoresins (fluid and semi-fluid) and 
the fluid balsams.) 

There is very considerable overlapping of each class in all 
schemes. It must be remembered that solubility is an important 
factor, and attetnpts have been made by Coffignier to connect this 
property with the practical value of the resins. 

In varnish-making there ai-e marked divisions between the oil 
varnish resins, the spirit varnish resins, and resins which are 
soluble in special solvents, but again there is overlapping. It 
may be stated with fair a;ocurao_V that the spirit varnish resins, 
with the exception of kauri (which is also soluble in alcohol), are 
not favourably accepted by varnish makers if linseed oil be used 
as medium (rosin wood oil mixings are now acceptable). The 
soft recent resins are generally completely or nearly completely 
soluble in methylated spirit; the oleo'. e.sins are generally soluble, 
likewise the balsams, except those containing true gum carbohydrate 
components. The copals arc sparingly soluble with the exception 
of kauri. In general, sparing solubility in methylated spirit goes 
with age, as in the ease of soft and hard manilas. For practical 
purposes the writer considers that this classification is simpler to 
follow, and prefers to grade the oil varnish resiiLS according to the 
l^prdness of the oil films which they produce. 

General Characteristics of Resins. -^Important characteristics 
of the resins are colour, hardne.ss, lustre, and specific gravity/ 
Some resins, e.g. mastic, occur in drop-like forms as the resin flows 
I'rom the tree, others in short cylindrical pieces agglomerated 
together, as in sandarach, and others in large, irregular-shaped 
masses, as in copal gams. -fLac ap])ears in the stick form from 
the twig on which it has been produced by the lac insecty In the 
trade the resins often appeajr in artificial formsi due to pre’rious 
treatment in the country of origin; e.g! shellac in thin plates, 
dragon’s blood in sticks. The surface of the resin is often character¬ 
istic ; e.g.^ the weathering of the surface produces a goose-skin 
appearance, as shown in Zanzibar copal. 

Recording to Wiesner, Die Rohstoffe des Pflanzenreiches,”' 
not one of the plant rosins is a chemical individual, but is a complex 
mixture. Mastic, sandarach,-and dammar appear to be homo¬ 
geneous ; crystals are sometimes found in a matrix of resin, as in 
elenu, and abietic acid crystals in Americjm turpentine oleoresin. 
The-fratture of the harder resins js characteristio and conohQjdal, 
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sometimes lustrous or dull; e.g. Zanzibar copal shows dull and 
lustrous alternations. Benzoin, yellow accroides, and others show 
almond structure with conglomerates of cloudy, rounded masses. 

^Colour. —The colour is very varied ; from the .colourless to 
red of dragon’s blood, yellow of gamboge, and the black of some 
varieties of colophonium-. Generally the colour is yellow to brown. 
The lustre is vitreous, but it may te waxy, as in the so-called almonds 
of benzoin. Some copals are entirely lustreless.,i 

'fidalive Hardness. —Aceording to Wiesner {loc. cit.) the hardness 
of the copal resins lies between gypsum and rocksalt, and a few, 
e.g. elemi, are so soft that they can be worked in the fingers. The 
softer varieties have naturally low melting points. Bottler, taking 
Zanzibar copal as the hardest, classifies copals in order of descend¬ 
ing hardness: Zanzibar, Mozambique, Lindi, Red Angola, Pebble, 
Sierra Leone, Yedlow Benguela, White Bengucla, Cameroon, Congo, 
Manila, White Angola, Kauri. Sierra l.i('one (new), Hymenoea (Brazil), v 

Nicolardot and (!offignier ““ describe an apparatus for determin¬ 
ing the relative hardness of resins by measuring the diameter of 
the impression made on a te.st bloek of th(! resin by a steel ball 
(2 mm. diam.) fixed on a 5 kg. weighted'rod after 5 sec. and 10 min. 
contact at 0“ C. and at 25“ (j. According to the measurements 
obtained, re.sins are classified as foHf)Ws ; 

Hard resins ; Zanzibar, Madagascar, Demerara. 

Semi-hard resins ; Congo, Btmguela, Cameroon, Angola Red, 
Brazil, Angola White, Manila, Sierra Ix-one. 

Soft: Pontianao, Dammar, Ma.stie, Sandarach, and (folophonium. 

Manila and Kauri vary according to the source. 

The soft resins break under the weight of the 5 kg. charge. 

Special class ; Amber, Kauri, Manila, Pontianac, and Lac. 

Other schemes have boon suggested by Britton ^ and Parker';*® 
and the. latter has attempted to use the Shore “ Sclcroscope ” 
Standard Te.st and finds that it picks out the very brittle resiiis, 
but is of little value, in distinguishing medium and hard resins. 

Solubility. —^The importance of the solubility of the resins has 
been already referred to. Some resins are readily soluble in methy¬ 
lated spirit and are used in spirit varnishes, viz. shellac, sandarach,' 
colophonium (rosin) and the softer varieties of copals. Others, 
such as dammar and mastic, are soluble <n turpentine. Ether, 
benzene, and acetone are solvents for a number of resins. The 
copals are generally insoluble in vegetable oils until Ijhey are “ run,” 
but they will dissolve I'eadily in the acids obtained from drying 
oils, although they arc precipitated on’addition of thinners. In 
petroleum they are insoluble or sparingly soluble, even when “ run,” 
so that addition of excess of petroleum thinners tends to render 
the resin in a resin-oil mixing very prt^e to separation. Terpipeol 
is also a solvent for a number of resins, also epichlorhydrin (Valenta). 

The following table shows the solubilities of a number of resins 
obtained by Coffignier, who has determined the percentage of 
insoluble matter left ai^r digestion of tho resins with the solvents 
mentioned in the table: 
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t- 

r 

Turpen¬ 

tine. 

AI<;o- 

)k>I. 

Ktlicr, 

Ren- 

zole. 

P. Etlicr. 

(^arbon 

'I'etra- 

ehlor- 

ide. 

Aniline. 

Zanzibar roi)ul. 

|0(t 


75 

88 

iiisol. 

100 

34-5 

i{<*d Amrola 

77 

«7 0 

51 2 

7(» 


77't 

2-3 

White Angtilu . 

()'» 

15 

27 

50 


(51 8 

3-5 

Ih'ngucla . 


H>'5 

48 7 

0.> (i 


74 

0-0 

i'ongo 
('anuToon . 

liK 

2.5 

48 

fiO 


(50 

suliibli' 

78 

(■>7 

.50 

72 


74 

8-4 

iVnionini . 

PJ .') 

72 


40 



74 

Tirazii. 

is 

80 

80 

40 5 


•15 

8-3 

Kauri (pain) 

77 r. 

«(■) 

(52 

(57 


HI 

soluble 

„ 0>r<iwn) . 

7i 

■M\ 

(51 

7J 


77 3 


„ (lllIHll) . 

7:i 

12 

55 

(52 


77 8 


Muniiu (hard) . 

(Vi 

4 

51 

.58 


(58 


7i-2 

:>() 

58 

04 


(59 


(soft) 

Poiitianac . 

(>2 


28 7 

58 


(50 


(•)«» 


4(5 

08 


(52 


Sierra Lf'oiiP 

71 

fi2 

48 

57 


71 

0 7 

Ihitiirtmr (iiafavian) 

soluhl.- 

28 5 

i 

sohilde 

.soluble 

soJuble 

soluble 

Mastk' 


17 

soluble 


almost insol. 


(> 10 

Saudarach. 

7-i 

soliihh* 


(57 

partly sol 

71> 

soluble 

Shellat; (sfirk) 

S'» 

11 ') 

88 

88 

88 

2 2 

hlva<'!)c<i 

IM 

8 C 


80 

Itisol. 

00 

soluble 

Rosin. 

soliibU' 

Htiliildc 

S0)((l)ll' 

soluliie 

jiartiv sol. 

soluble 

soluble 

Ainl)i*r 

Si 

8(5 

HI 

70 

iimol. 

80 

(50 

Klonii. 


f. 

soliilfie 





Benzoin (Siiniatra) . 


21 






„ (Slam) 
Madagascar copal . 



partiy sol 

iusol. 

IMirWy std. 



(Mi 

7i 

(55 

78 

insol. 

85 

478 

„ lused . 

After imphthalenr 

1 

'J2 

r 52 

J5 

partly sol. 



trentnumt 

j2 

75 

20 

40 

partly sol. 




It is only in a v(!ry few instances that insolubility tests can be 
considered as reliable for purposes of specification. 

Melting Point. — On reference to the table given below it 
will be seen that for each resin there is a softening point and a 
nwlting point at which there is often decomposition. H. Wolff 
gives a lower melting point at whiish the nwin becomes transparent 
and a higher one at which the resin fuses cora|)letely in the caj)illary 
tube : 



Lower Melting Point. 

Upper Mfdtlng 
Point. 

Rhollac. 

"C. 

90-100 

“C. 

115-120 

Bleaclied sheila^ . 

G0-7(>if much waterispreBont. 
Dried, shows saine melting 
point aa the imbleachod 
variety 

- 

Accroides ‘ . 

80-100 

ir.o-180 

Manila. 

85-125 

110-180 

Kauri. 

. Ill 

115-140 

Brazil (hymeneeacouboril) . 

' 77 

115 

Oanierooxi (copaifera sp.) . 

96 

110 

Hard Angola 

126 


. £icAzibar (fossil) . 

158 

340-360 

land! . . . . ^ 

143 

340 




T 
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It is evident that the melting points can only ho approximate, 
bcoause of the variation in comjmsition of each variety of copal. 
It is natural that the younger the re.sin the lower the melting point. 
The melting points may he determined h,\' n.sual by s[M‘eial 
methods.-’ • 

The " Di'ip ” point is a rough melting jjoint test in which 
the mass of the .sample n.sed is much greater than in true molting 
point d(d<'rminations, and hence viscosity and surface tension of 
the melting material must he eonsidei-ed. It is of more value 
than the melting ])oint. hut the standardi,salion of test conditions 
is too dilhe.ult. 

Acidili/. Aciponifiralion Ynhu’ ami Iodine Valae .—Although 
physical tests are of more \’ahie than chemical constants, th(! 
acidity of a I’csin is a factor to he considered in its hehavioiir in 
a gum mixing. In the sweating of a gum it will he noticed that 
there is ofhn a, lowering of tlu^ acidity. In the colloid mixing 
in which tlu' Tcsin is present a decrease in acidity is accompanied 
hy a (h'orease in disjieisiou, and th(‘ fluid thickens or feeds up, con- 
.sefjuent on the reduction' of the acidity on sweating. In tlu^ table 
shown on })ag<' 122 it will he noticed fhafi the hai'der fossil resins 
have! a low acidity. The low acidity of kaui’i is notewoithy, and 
it is of great -.alue in enamel iraiuts, dru! to its non-feeding-up 
properties with pigments. The conneetion between acidity and 
the f(>(!diirg-up of mixings has been much discussed, but it is con¬ 
sidered that the acidity is mjt the only factor in tlw phenomenon. 

Owing to the .sprorng solubility of resiirs in many solvrrrrts, the 
determination of the acidity has been under much discussion. 
Dieterich {loc,. cil.) summarises the details of tho methods up to 
the beginning of this century. Coffignier (loc. cit.) prefers to treat 
a solution of tlu! resin obtained by ('xtraction several times with 
!).') per cent alcohol hot, using a reflux condenser. The extract 
is filfe'i'cd, anil the acidity of the liltrate is determined and expressed 
in mgrins. KHO ijer gram of resin. The irereentage of insoluble 
matter in absolute alcohol is also determined (page 122). 

It is noticeable that some of the v'ery s^raringly soluble resins 
have a high acid value, indicating that the alcohol-soluble acids* 
differ greatly in reacting weights. >f. Marcutson and Wintorfeld 
suggest the use of eipial parts of benzol anij absolute alcohol for 
extraction of the acids previous to titration. The writer favours 
this proposal, as the same method is of use in determimition of 
the acidity of a \ arnish mixing whereby the end point of titration 
is clearly dcfincci.^® Diiect titration of the cold solution should 
be used, but some materials diunand back titration. Jn many 
cases it is de.sirable to use both, and some useful information fre¬ 
quently results from the double test. 

The Sajjcrnifimtion Value (KSttstorfer’s Method ).—This figure 
is obtained by half ar^ hour’s digestion of the resin with excess of 
standard alcoholic KHO. and is really the sum of the acid and 
saponification value, representing what is kijown as the Kottstorfer 
value. On comparison‘with the figures given in the table, on 
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page, 122 it will be noticed that the ester content of the resins 
is small compared with their acid content. 

Iodine Value. —^The iodine values of the resins, as obtained by 
either the Hjjbl or Wijs method, are of importance in practice only 
in the analysis of shellac, which has a much lower value (16-17) 
than that of rosin (112-172), with which it is adulterated. A method 
of estimation of rosin in .shellac is based on the iodine value (Lang¬ 
muir). The values given in the table (page 122) indicate only the 
presence of unsaturated linkages in the resin ring and are not. u.st d 
for comparison of drying or oxidisab.e power, as in the ca-.' of the 
drjdng oils. The higher the iodine value the greater will be tin; 
tendency of the resin to become oxidised and to piuss (o a .spirit- 
insoluble form, which may be of the nature of a I'eM-ne. 11 is mo.st 
probable that resenos are formed in the varnush tilm, as well as 
linoxyn, during the process of drying. 

The statement by Parker “ that Hubl's method gives better 
results than Wijs and Manus is supported by MM^ean and Thomas, 
who find that Wijs’ solution eauses a eonsiderable amount of sub¬ 
stitution. 

Estimation of Resins in Mixtures.—The estimation of resins 
in a mixture by ehemical methods is not oonelusive. The iodine 
value, acidity, Kottstorfer values give indications, but the com¬ 
position will be essentially speculative, and it is only in the special 
case of shellac with rosin (iodine value and Twitchell's method) 
that the re.sults can be relied on. Stewart put forwaid a method 
of estimation of mixtures of dammar and kauri. H. Ingle has 
devised a method for detecting and determining quantitatively 
kauri, manila, and dammar in admixture by means of the acid 
value and solubility in carbon disulphide. Kauri, manila, and 
dammar gums have acidities 60-70, 107-156, and 30-32 respectively, 
and on boiling each of the gums w’ith a 5 per cent sodium car¬ 
bonate solution, acidulating and weighing the precipitated acids, 
the yields were 6 per cent, 93 per cent, and 2'6 per cent respectively. 
Kauri and manila are completely soluble in benzol-alcohol (1 :3), 
whilst dammar leaves 30-44 per cent insoluble, but is soluble in 
carbon disulphide. The analytical results obtained by Ingle from 
mixtures of known Composition are quite satisfactory. Dietcrich 
(loc. cit.) states that the following quantitative methods are applic¬ 
able for the estimation of balsams, resins, and gum resins : 

(a) Acid value; (b) saponification value; (c) percentage of 
moisture; (d) ash; (e) percentage soluble 'and inloluble in alcohol; 
(/) specific gravity; {g) percentage of solubility in other solvents. 

Coffignier (loc. cit), who has investigated the properties of 
resins for a number of years, states that the superficial examination 
by experts is rarely at fault and much of the resins used in varnish 
making are obtained on such recommendation. In the writer’s 
opinion much is to be said for OoflSgnier’s, view, but cases have 
bwn known in which a closer attention to Dieterich’s seven points 
given above would h^ve avoided the occurrence of undesirable 
properties in special varnish mixings. It Will not help the elucida- 
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tion of varnish problems if the resins are bought on superficial 
examination, so that in the mixings the special properties of the 
resin depending on chemical composition are ignored, which they 
cannot be. In a colloid mixing, variation in chemioabcomposition, 
however slight, may have great effect on the resulting film, and the 
acidity of a resin may have a decided influence on the oil with 
which it is incorporated. 

The ash content of a resin ought to be low; a West African 
copal may contain 0-2-2 jjer cent a.sh, inanila 1 jxt cent, and kauri 
0'5-5-5 per cent according to the grading. The loss in weight 
on “ running ” is given as more or less 2.5 per cent, but this figiu-e 
cannot be relied on, because it is entirely deiiendent on the process 
employed. Some state that the desired conditions of incorjroration 
with linseed oil may be obtained without loss in w(dght.“ The 
process is essentially one of (h-jailynierisation, but the complexity 
of the resins must admit of partial deconniosition of the component 
acids, with the liberation of volatile and fluid hydrocarbons (copal 
oil) and the fornialion of, acidii anh,vdiides and lactones. Refer¬ 
ences to the changes ixa-urring during the sweating of the resin 
will bo given in the next chapter. 
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CHAPTER VII 


OIL VAHNISII RKSINS 

ADornNO the siiriplo classification gi\'cn on ji. 110 the copals 
apiK^av in the class of oil varnish resins. They are recent or 
fossil, and arc found in prehistoric forests or are dug out of the 
soil in what is still a forest region. The changes which have 
occurred in the secreted or exuded gums are not understood. 
Undoubtedly there has been reduction in acidity, with polymerisation 
or coagulation, and oxidation has occurred (the resene.s are inactive 
oxides). It is unwise with our present knowledge to speculate as 
to the changes in such a complex mixture of colloid coni])onents. 
The recent copals, including manila, pontianae, etc., are not in 
demand by makers of high - class oil varnishes, but their st)fter 
varieties are soluble in methylated spirit. Rosin (colophony) is 
offon a component of low-gi'ade oil varnishes when rosin is eheajKW 
than copal (as it usually is), os]a!cially in varnishes containing 
China wood oil. Among the oil varnish resins amber must l)e 
mentioned, although it is little used because of its jrrice. The 
second class of varnish resins includes those solubk- in methylated 
spirit—lac, sandarach, mastic, maidia, eojrals (soft), rosin, and 
acaroid resin. They are used for coatings, giving lustrous films of 
a brittle character (mastic is soft and elastic) and of comparatively 
^ilight durability for outside wear. Tjae is undoubtedly the mast 
valuable of this class, although mastic is used as a picture 
varnish, when dissolved in a suitabh; solvent. The third class 
includes many of the second class in addition to oil varnish resins 
which have been fused or “ run.” The solvents employed may be 
turpentine, benzole, hcetone, or coal-tar naphtha. 

The above classification is only fairly satisfactory, but it is 
impossible to adopt any scheme based on differences in chemical 
composition, when in practice differences in physical properties are 
paramount. e ' 

The synthetic resins* belong to the second and third-classes. 
Pew synthetic resins (e.g. albertol and cumarone resins) have been 
obtained which can be satisfactorily incorporated with oil. The 
resins obtained from phenols and their homologues by condensatimi 
with aldehydes and ketones aft usually dissolved in methylated 
spirit when employed in varnishes. The ^cumarone and indene 
artificial resins and duroprene belong chiefly to the first and third 
classes respectively. At present, owing to their comparatively high 
priee,4hey have only limited uses. 
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(JOPALS 

These are essentially fossil, recent fosssil, and recent resins. 
Th(! term copal is a comparatively mod(!rn word, ajid according 
to Sahin is of Mexican origin, and said to signify any kind of resin 
exuding from trees. The earliest writer who mention,s copal as 
an ingredient of varnishes is Era Eortunato of Rovigo, between 
lC.5f) and 1711. (.'opal is now a generic term to include all varnish 
resins which are commonly incorporated with drying oils. The 
statement by Sabin that eoi)al varnish is a trade name for a very 
inferior article made of common rosin is certainly not true in 
Europe, where it denotes rather a fossil gum-oil varnish. At present 
the bulk of the coi)al used in oil varnishes in this country is of 
fossil origin obtained from Ccmtral Africa ((,'ongo), Zanzibar (Animi), 
West Africa (Angola), Manila and the East ladies (Manila), and 
New Zealand (Kauri). The supjdie.s of fo.ssil copal are limited, and 
sooner or later the softer copals obtained from the living trees 
will have to be utilised. It is stated that the suj)])ly of kauri 
copal will last only for forty years,* but W. E. Langguth * considers 
that there is as much gum in the gro.ind as has yet been taken 
out, and that the available supplies are sufficient to last many years. 

Kauri.-The resin is a fossil from Dammara A ustralis (Agalhis 
Australis), a species of New Zealand pine. The gum obtained from 
the living trees is known as young kauri, and is softer and almost 
colourless. Young kauri trees when tapi)ed yield the rosin, and it is 
not uneommon to find deposits of resin in old trees. The occurrence 
and collection of kauri have, been described in many text-books 
in considerable detail,^ as well as the statistics of the kauri gum 
industry and methods of seijarating kauri gum from extraneous 
material, also the kauri gum industry of New ZealMld.* A fall 
account of the kauri gum industry of to-day is givtm by W. E. 
Langguth (he. cit.), of which a brief abstract is given with a tabje 
showing the export of the gum. 

The value per cwt. to England averaged 44s. fid., whereas to 
America it was fills. Od. to (i8s. 3d. The Americans buy the 
higher class of kauri. * 

It is estimated that Agathis Australis takes from 200 to .300 years 
to reach full maturity. There are few tress south of Auckland, 
although some pic es of gum have been collected in the South 
Island. The gum is of two types ; (a) fossil, of which there is by 
far the largest cpiantitf availablfe ; (6) that obtained by making 
incisions in the trees, called bled (oi- buSh) gum. The size of the 
ground gum varies from lumps weighing 1 cwt. to that known in 
the trade as chips. Successive generations of trees have fallen on 
the top of one another and have thus formed deposits which often 
lie in strata. Gum is found as deep as 20 ft. below the. surface, 
but generally at a depth of 4-8 ft. on hillsides and in basins. The 
basins are usually swamps, and in some districts are of a peaty 
nature. The gum digger knows where to,find the kauri from his 
knowledge of the formation of the ground, and locates it by means 
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ExroET OP Kaxtbi fkom Nkw Zealand 
{I9U can bo taken oh a nortnal year) 


• 

1914. 

1917. 

1919. 


Toilrt 

Tons. 

Tons. 

United Kingdom 


020 

340 

Australia. 

19 

11 


Canada 

70 

1229 

072 

IJ.S.A. 

45:u 

2089 

1371 

Austria 

:u 



(xormany 

373 


49 \ other 

Franco .... 

42 


/ countries 

Other countries . 

55 

4r> 


Total . 

8459 

4r)94 

2338 


of a spear. A gum spear is a long, rectangular tapered ribbon of 
steel, 5 ft. long, with a handle similar to that of a spade fitted 
to the thick end. Thc^ spear is driven into the ground, and by the 
feel it can be ascertained-if the yxant touches gum or not. In 
swamps the water is removed from the holes by pumping. The 
gum-bearing an^as are bleak and s[)arsely populatexl. The kauri- 
bush or bled gum is obtained by making mcisions in the bark of 
the tree, from whence the sa]) runs. The semi-plastic gum is allowed 
to harden in the sun, sheltered from the rain. The tree ean only 
be bled for tlmcic years in suece.ssion, otherwise it is liable to die, 
and the quality of the gum deteriorates with each year’s bleeding. 
Bush gum, although of good appearance, is immature and contains 
acids which make it unpopular with varnish makers. The fossil 
gam is washed and graded by hand by the exporter. 

The principal factors which determine the value of kauri are 
• colour, hardness, size, and cleanliness. The higher grades are used 
in the manufacture of varni.sh and paint, the poorer sorts for 
linoleum. Machinery is being used to replace manual labour, but 
the difficulties eamsed by the large number of trunks, limbs, and 
'roots buried in the ground have not been overcome. The American 
varnish manufacturers state that there is no known satisfactory 
substitute for kauri, .when it is desired to produce a high-grade 
and good-wearing varnish. In 1915 the New Zealand Government 
decided to enter the gum trade to maintain prices ^ but by injudicious 
buying on a large scale sent up prices too high. Imere is now 
some supervision of the tapping of the trees for bush gum,'but its 
quantity is small compared with the fo.ssil. Attempts are being 
made to face-dig certain swamp areas and to remove the surface 
of the soil and, in some places, practically all the soil; the material 
removed is passed through washihg machines and the gum extracted. 
A considerable quantity of bold gum is being collected and the 
refuse distilled to give a kauri gum oil, which is being used as paint 
oil, leaving a residue of .pitch. 

East African Copals, Zanzibar Gopak—This copal (Animi) may 
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be taken as typical of the East African copals, which are derived 
from a sjxicios of Trachylobium occurring in Madagascar, in (formerly) 
German East Africa, and in Portuguese East Africa. It is said 
to occur in British East Africa. The fo.ssil gum is fopnd in sandy 
soil near the coast at a depth of about three feet. The resin- 
bearing trees also exist, and their mature fruits contain 1.5 per cent 
re.sin in the kernel and 8 per cent resin in the rind. The fossil 
copal has a peculiar goose-skin surface, and occurs in various sized 
pieces, but not in large masses like kauri. It is the hardest fossil 
copal and cannot be scratched by the nail, and has the highest 
melting point of any copal. Bottler found the melting point of 
some samples as high as ;{40°-:i60" 0. Its solubility in solvents 
and other constants is given on pp. 110 and 122. 

Mwlagancar Gopai.- -Madagascar copal is found as fossil and 
is also cultivated. The fossil is le.ss hard than Zanzibar, and more 
decidedly coloured. Mozambique and Lindi are similar copals of 
about equal value. 

West African Copals.—The We.st African copals (Angola and 
Congo) are probably derived from Gopaimra mopane, which occurs 
in the great forests in the (.longo basi.i. Red Angola is a fossil 
form found in the soil (four metres dee]>). Its surface resembles 
Zanzibar, but it occurs in inuch larger grains. 

Benguela (Lisbon copal) is a re.sin difficult to fracture, eommg 
to the market in characteristic lumps with deep indentations. It 
is of red to yellow colour, usually covered with a white opaque 
crust. The Congo resins have of late become popular among 
varnish makers, and a recent account of their occurrence and 
collection is of interest,'’ 

Conyo Copal. —In the Btdgian Congo the copal is a secretion 
of Copaifera Detmimi and Lkiuidamba styfftna. The districts in 
which the copal is actively collected arc essentially the tributary 
valleys of the left bank of the Congo between Stanleyville aq,d 
Leopoldville. There are several varieties of copal according to where 
the copals are collected— copal d'arbre, copal de forH, copal de 
riviirc, and copal d’eaa. Copal d’arbre is of medium value, being 
natural excrescences from tree wounds. Copal de forU forms 8u 
per cent of the copal yield of the colony. The resin occurs in 
marshy districts comparable with the occBirenco of kauri, but 
there is a considerable admixtme (3-30 per cent) of mineral 
matter. The copjjl blocks (pieces) are found at depths of 5-90 cm., 
and are in demand by Garnish makers. The collection is carried 
out by natives who camp out in the ^m-bearing areas. The 
women and children use a sounding rod somewhat similar to that 
used by the kauri digger, but more primitive, and on the location 
of a lump it is extracted. The men gpovide the camp with food 
and do not dig. * 

The period of collection is from February to July, and begins 
when the soil has been sufficiently softened by a covering of water 
after the rains, which will allow the collector to walk half ankle- 
deop in the soft grounJ. A goj)d collector can obtain 25-35 Idlos 
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of re.yin per day, or 15-18 kiloH on the average. The eolleeted reain 
is dried in the sun and freed from earthy inipiirititw by hand. Tho 
copal i,s bought from the natives eitlier by the district anthoritie.s 
or by buyer,s visiting the camps, at prices wliieh vary with the 
districts, or about 15-25 cents per kilo. Tlie brokers sell at prices 
varying between 1250-24(K) francs per ton (1250 1.500 francs corre¬ 
sponds to 7Ss. i)er ewt in London, and 2400 francs eorres])onds to 
559!) francs per ton at Antwerp). Tlie cleaning of the resin is 
carried out at the dejiots, and the gmn is jiaeked in sacks of 45-75 
kilos. In 1!)20 (nine, months) 9.H(i2.7!)G kilos were carried by the 
Congo Railway. In 1919 the e.vport from the colony was 0231 
tons. According to (htlignier the export of Relgian copal was 
375..500 kilos in 1912, and 807,000 kilos in 19 Hi.® 

Copals from the Gold Coast Region.- In Southern Nigeiia, the 
Gold Coast, and A.sluinti, Danidh ohlmi/a is the source of the resin, 
and in Sierra Leone and French Guinea, a species of ('yanolhi/rxus. 
The su])ply of fossil gum is now \ cry limited in this region, and all 
the copal resin fioin British W. Africa is obtained from living trees 
and is not a fossil gum. The forests run ( he danger of being depleted 
by wasteful tap))ing. In yierra Ix'one the trees are ta|)ped on a 
definite system, which consists in cutting out jiortions of tht! bark 
about 2-3 in. squaie. at intervals of about 9 in. on tlie suiface 
of the stem and larger branches of the tree. The proee.ss resembles 
the tapping for rubber or tuqKmtine oleore.sin, but it is more 
difficult, because the rubber latex is seei'cted in lactiferous cells 
lying near tin* .surface, whilst the resins are secreted in isolated 
vesicles in the bark or in resin duets lying in the bark or in sa}) wood; 
moreover, the trees do not show such a “ wound response ” as in 
the ease of the Para rubber tree, which gives a large increase of 
latex on second ta[)j)ing. Restrictions aie now ])laced on un¬ 
systematic tapjiing, and the ('olonial Governments are endeavouring 
•lip increase the jiroduetion of copal by planting trees and improving 
tho yield of the resin.® 

Accra gum is a fossil form from the Gold Goast. 

Manila Copals. -The manila copal u.sed by varnish makers is 
“'a generic term, having replaced the old eommereial term, hard 
copal of the Indies. The varieticis are numerous; some are com¬ 
paratively hal'd, others soft. The hard manila is a fossil gum, the 
very soft manilas are collected from trees. Tho hardest variety 
comes from Borneo (Pontianae), and is .superio|; to that obtained 
from Macassar. Java copal stands betwiVn Angola and Bcnguela 
in hardness and is su|)ertor to the Borneo resins. The dtlour of 
Pontianae, and the other manilas is aromatic. The origin of the 
manila resin is Dammara orientalis, which is identical with Agathis 
dammara. It is cultivated in the Moluccas, New Zealand, e-speciaUV 
in Java, as well as in the Phili]7pines. The tree reache.s a height 
of 46 metres and has a diameter of 2 metres. For obtaining tho 
resin the tree is wounded by cutting long strips of bark from the 
stem, commencing 10-20 cm. from the ground, and the exuded 
resin, eolourless and milky when fresh, becomes yellow or brown- 
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yollow and transparent when solid. A tree will bear for twenty- 
live years, and furnishes 250 kilos of rosin. Around the tree the 
resin oecnrs as fossil in the ground, either in flakes or as compact 
blocks. The pieces collected are cleaned and graded into throe 
varieties. The melting point increases with the age of gum and 
may ri.se to 120° 0.’ I’he soft<!r varieties of Manila copals are 
soluble in methylated spirit, whilst the harder varieties of East 
Asian copals are insoluble in turixuitine or dr>ung oils unless 
])r(^viously “ run.” They ai-e still used by oil varnish makers, 
although they have not the popularity of the African copals and 
^ the New Zealand kauri. The Manila eo])als come to Euroire 
through Am.steidam and Rotterdam. For a brief di.scussion of 
Manila copal and kauri resins as regards sources, botanical names, 
proi)ertie.s, and methods of production, reference may be made to 
an article on ” (’opals from the Dutch Indies,” by M. K. Heyne.® 
South American Copals.—The.se are obtained from the living 
trees. Hymeruea nnibaril and xplerulitla, of which the nisin Is yellow to 
yellow-red in colour. All the varieties, fo.ssil or cultivated, are very 
soft and in small demand. M. Maehenbaum'* gives the following 
coin])arison between Brazilian and Colombian copals : 



Bnvyliiui Copal. 

Colombian C'upal. 

Moltinc point 

127-180° C. 

120-1.55" C. 

Solubility in - 
Petrol-otKer 

20 

18 

Etlier .... 

r)8 

56 

Alcohol 

76 

78 

Hony.ol 


38 

Alcohol-ethor . 

92 

92 


Amber.—Amber is derived from Finns siuxinifera (Goppert), 
and is found in blue earth beds in East Prussia in the Baltic region, 
where it is embedde<l in striped sand. Outside Europe amber is 
not found. Only one-tenth of the value of amber collected annually 
is used for varnish; in fact, it is littl' used by varnish makers, since 
the varnish films although very hard, are brittle and highly coloured 
because of the high fusion temjierature and the difficulty of in¬ 
corporation with drying oils. Its interest is mainly historical, and 
the derivation frgm a variety of Finns points to ^le truth of the 
statement that any re.sifl of a tree will in time under suitable condi¬ 
tions pass from a soft, spirit-soluble form tfi a hard, infusible, insoluble 
variety. The composition has been investigated by Tschirch, and 
the results have been referred to on p. 108. 

Before passing to the consideration of the spirit varnish resins 
in detail, it may be<advisable to summarise the properties of the 
oil varnish resins and to compare them with the spirit varnish 
resins in view of the overlapping of the classes. 

The copal resins are gra^d according to hardness, colour, 
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fusibtfity, ash content, acidity, loss of weight on sweating, and 
solubility in drying oils to give a satisfactory varnish mixing. In 
practice the grading by the exporter is ratW by size, hardness, 
and colour, >(4110 the varnish maker applies tests for the remaining 
properties. Much more reliance is placed on general experience 
in the selection of copals than on the values of the constants, 
which are given in the following table. Perusal of the figures 
will show the great variation in many of th(i values, so that they 
are of comparatively little use for identification jmrposes. 



Specific Uravity. 

Per cent 
Insoluble 
Mutter In 
Alcohol. 

Aeitl 

Value. 

Kotts- 

torfer 

Value 

loiline 

Value. 

Copftls:— 

Zanzibar 

1058 

83-8 

60-123 

75-92 

79 

„ fused 



01 

37 

127 

Madagascar . 

ior>G 

!)2-r) 

48-78 

60-83 


Demorara 


07-2 

97 

98-110 

50-55 

Benguela 

1 -058 

Ifi'O 

123-134 

73-1.57 

61-85 

Angola (rod) . 

I'OGG > 

45-3 

128 

130-147 

63-137 

,, (whito) 

l-O.'io (17'' C.) 

28T) 

127 

115-160 

1,30 

Accra 

l im (27" C.) 

47-8 

85-98 

132 

122-143 

Conieroon 

1-O.M (27” C) 

27 

100 

157 

65-60 

Kissel 

1-OCO (27° 0.) 

19 

70 

118 


Sierra Leone . 

1 -oots 

(>2-3 

no 

115-130 

63-138 

Brazil 

101)3 

20 

123-149 

132-163 

123-134 

CJongo (hard) 

lom 

25-3 

132 

124-132 

58-59 

Kauri (brown) 

1-0.53 

40 

70-93 

79 

177 

„ (bush) . 


12 

51-83 

83 


Manila (hard) 

1-065 (17° C.) 

3 

72-136 

87-215 

90 

„ (soft) . 

2 

145 

187 

106 

Ambor 

1-080 

74 

97-140 

115-154 

62 

Sandarach 

1-073 

soluble 

139-1.54 

154-157 

134 

Mastic (tears) . 

1-057 

47-2 

60-70 

70-79 

64 

Dammar (Batavia) 

* „ (Singapore) 

1-032 

32 

19-35 

20-47 

64 

1-0.57 (18° C.) 

20 

30 

39 

123 

Pontianac 

1-037 (16° C.) 

soluble 

134 

186 

119-142 

Turpentine oleoresin 
Rosin 

0-856 


70-164 

157-210 

143-6 

1-07 


145-185 

168-176 

116-257 

Shellac (sticklac) . 

1-009 (16° C.) 

14-4 

34-7 

173-9 

18-0 


It is evident that <all the resins in the table are heavier than 
water, with the exception of turpentine oleoresin, which yields 
turpentine on .distillation. They have no definite melting point, 
which is to be expected, as in the heating fhere is depolymerisation 
of the resin, accompanied fh many cases by decomposition, espboially 
in the neighbourhood of high point of fusion. The soft resins 
have higher acid values than the harder varieties. The spirit- 
soluble resins have higher ^cid values than the insoluble varieties, 
with the exception of dammar and shellac. The Kottsdorfer gross 
saponification value is a measure of the este» content of the resin 
^d is usually higher but never less than the acid value. The 
percentage of esters in manila is marked. IJie iodine value indicates 
the preienoe of unsaturated subst^ces, and indicates the power 
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of the ream to be oxidised.* The very low value of shellac com]»ared 
with rosin is of importance in the examination of the former for 
adulteration with the latter. The iigures in the table ore of more 
importance for siarit-soluble resins than for oil vaynish resins. 
The oil varnish resins have to be HW(‘ated, and in doing so the 
chemical as well as the physical jjrojiertiea are profoimdly modified. 

The loss in weight in running varies with the character of re.sin, 
a bold gum losing less than “ smalls ” in the ordinary running pot. 
It may amount to (more or less) 25 per cent, but this figure cannot 
be relied on, because it i.s entirely depcnident on the method employed 
for sweating or for depolymerisation of the resin. Some state 
that the desired conditions of mcorporation with linseed oil can 
be obtaiiMid without loss in weight. The process is fully described 
in Coffignier's Lex Vernis, p. 419. The 2 )rinciple is to depolymerise 
under pressure in the pre.sence of an inert hydrocarbon, such as 
naphthalene, and to distil off the hydrocarbon, leaving the resin in 
an oil-soluble foi’in. The method has not been univcirsally adofited, 
for a number of reasons ; it involves considerable special plant, 
and the process is much longer to carry out than the usual gum¬ 
running to bo described under the Manufacture of Varnishes. 

Properties of Sweated Gums— The changes in proix’rties in the 
following table refer to the sweating.of gums in the ordinary way : “ 


IlCHijU 

Kaw, 

Sweated at 300“ 0. 

A.V. 

S.V. 

Pf'r f'cnt 
UllHU]). 

Matt<‘r. 

I.V. 

A.V. 

S.V. 

I’l'r cent 
UiiHap. 
Matter. 

I.V, 

Siorra LtHino 

72 

110 

188 

100 

13 

115 

17 

125 5 

Manila. 

127 

I7r> 

10 

138 

08 

130 

23 

133-3 

Urazll .... 

JU9 

171 

7-6 

128 

40 25 

114 

38-7 

187 

Kauri .... 

27-4 

r>i 

20 

91 

17 

01 

10 

07-7 

Anlml 1 . . . 

18-7 

73 

0-3 

103 


58-7 


100 

2. . . . 

;{() 

32-7 

70 

127 5 





Aiuber. 

lC-7 

121-T 

11) 

59 





Amfrican itosiu. 

J58 

182 

0-7.> 

122 

140 

153 

10 

134 

Shellac (dark) . 

01 

203 

3-0 

30-5 





Dammar , 

:ir» 

32 7 

70 

127 

11 

m 

860 

127 

Sundaruch (Motiador) 

134 

143 

13-2 

112 

05 

130 

14-3 

120 

Mastic .... 

52-7 

83 

51 

175 

23 2 

50-2 

49 

165 


It will be noted that there are variations in the values compared 
with those given in the earlier tables. These may be due to varia¬ 
tions in samples themselves and also in the methodj of determina¬ 
tion of acid values, to wlflch reference will be made. Coffignier uses 
the acid value determined by the acidity & the alcohol-soluble part. 

P. H. Rhodes and H. E. Johnson state that when copal 
resins are heated between 300‘’-3!)0‘’ C. there Ls a marked reduction 
in the acidity as determined by Worstall’s method, but no very 
appreciable change in the iodine value. The loss in weight is largely 
increased above 360°»0. There is no connection between loss in 
weight on heating and tlie change in I.V. The experience of the 
writer is that if alcohol-benzol be used as. a solvent in the deter- 

* Manila copal when exposed to fir rapidly absorbs oxygen, especially in 
sunlight, with the fojmation of peroxides. Carbon dioxide, formic acid, and 
hydrogen peroxide are also produced. “ . 
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niinuition of Oio acidity, the differences between the aeid values 
of the run (oil-soluble) and unrun f;um are often less marked, so 
that the apparent reduction in the acid value is no indication of 
the solubility of a sweatc“d resin in linseed oil. 

A('l<nty iH'fdfP “ Kiiniiiiig.’' Aci'lity uftrr “ Jiimiiinc.” 

Conpo copal . lKi-04 (nIcoJjol) 82*83 

(benzol-alcohol) 107 

The following table givo.s th(! results of the determination of 
softening and fusion points of throe copals, sweated and unsweated, 
as well as their acidities : 



Congo. 

Manila. 

Poiitiaiiac. 

Soft^'nirig jioint . 

21-2" C 

200 ^^ <:. 

194" C. 

Fusion „ . . . 

354 ’ C. 

280“’ (\ 

284° C. 


all with decomposition 

point of the 




swentotl rosin . 

231t C. 

257° C. 

239° C. 

Fusion point of sweutod 




resin. 

' 248-’ 

*200° (’. 

2<i(>° C. 

Temperttturo of swoatinK . 

350 ’ 0. 

300° C. 

310° C. 

Acidity “unrun ” \ alcohol 

34 

103 

JOO 

“ run ” i mcthofl 

20 (10% loss) 

,'•.!) (2;)";, loss) 

70 

but insol. in linseed oil 


59 (no loss) 



It is evident that the acidity varies only .slightly with loss in 
weight, and that the proper solubility in oil is determined by the 
deiK)lymerisation which occurs at certain temjieratures which are 
peculiar to each resin. Kauri can be dissolved in hot linseed oil 
without previous sweating, and for that reason has been long 
preferred by many varnish makers. 

ft is to be feared that the values of the resin constants are of 
little use in attempts to fix the composition of a mixture of resins. 
They vary too much with the samples under examination, and no 
great confidence <!an be plaet'd in the results. Only in the case of 
• shellac, adulterated with rosin are the iodine values admitted to be 
a gauge of adulteration, because of the wide differences between 
the values of the two rosins. 

Copal Oil.—The ofl collected in the condensing systems dealing 
with varnish r(!sin fumes has been mvestigatod, but madequately, 
by a number of chemists. Systems for the partial recovery of gum 
and oil fumes from vanish plants such as Tingary’s, Andre’s, 
Hackathorn's, Ijehmann’s, Neil’s, and Koerllng’s, are described in 
books on varnish technology, and through their use considerable 
quantities of copal oils have been obtained. The oil has been- 
used not only as a solveifc for'copal resins, but as a component 
of certain typos of vami.shcs and paintji. H. A. Gardner “ 
gives a- list of the patents on fume recovery. Copal oil has been 
investigated by Tschirch and Nmderstadt,'* who examined the 
, , essentia) oil (b.p. 166‘’-160° 0.) from kafuri bush copal, and by 
L. Schmoelling,*® who examined' the copal oils from kauri and 
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Manila resins. Ho identified pineno in the distillate (b.p. 150“- 
160° 0.) from kauri, but in the distillate (b.j). 60°-260“ 0.) from 
Manila he found neither limonene nor pinene. B. T. Brooks*® 
has investigated the destructive distillation produe^s of Manila 
eopal. The ])roduets obtained by distillation at 1130° C., with 
12-14 ]ier cent loss in weight of tlie re,sin, included carbon dioxide 
3-2 2 )er cent, water 2-4 jier cent, terjjciuw l-5-ll'2 jxir cent, and 
resiti oil 3-0 |)er cent. Among the ter|)(me.s he identilied pinene, 

/I-pinene, eamphem', dijwntene, and limonene. Between 320°- 
360° (I. larg<? quantities of coiial oil were distilksl from the resin. 
He ])ointed out the influence of the eopal oil in assisting tho solution 
’ of the resin in linseed oil. G. Grasser ** has also investigated 
the ])roduets of the destnietive di.stillation of the eoj)al resins. 
The writer has examined, but inadequately, the condensed fumes 
from the sweating of Manila and Gongo cojrals under works con¬ 
ditions of running and condensation. Th(! fumes wme found to 
contain fi-lO jier cent of ter])ene, volatile in steam, which consisted 
of a mixture of terja-nes similar to that obtained by Brooks. The 
teiqK'nes gave ,56 per cent distillate at 170° and 67 per cent up 
to 185" (', On distillation of the fumes under n'diiced pressure 
(20 mm.) the heavier eopal oils eoukl Is; roughly fractionated; 
e.cj. 20 ])e.r cent (s.g. 0-!)0!l) boiled ovei' between 125°-I50° C. ; 
18 ptir cent (s.g. 0 i)29) between 15r)°-175'’ G. ; 20-1 jrer (smt (s.g. 
0-947) between 175°-208° ('., leaving 37-() ))er cent semi-solid residue. 
The heavier eo|)al oil rlistillate contains a mixture of sc'squiterpencs 
(cf. earyophyllcne, GJ 5 H 24 , from eoj)aiba Iralsam), or polyterjrenea 
(cf. eolophene, from the polymerisation of turirentine) with 

yolatih' acids. The non-volatile re.siduc (A.V. 59-71) resembles in 
its projrerties a soft resin in that it will dry hard on eximsure to 
air, will form metallic dryers, and generally act as a resin component 
hi a Ihiseed oil varnish. The acid value of the fumes obtained 
from Gongo cojial was 59, so that the acidity of the fumes is confined 
essentially to the less volatile components. In connection with th^ 
solvent projienies of the fumes already referred to, it is of interest 
to note their strong solvent action on rubber. It must be admitted 
that the jiublished literature on this important subject is very* 
scanty, and the eopal oils, together with tho volatile acids, are w'orthy 
of fuller investigation. 
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CHAPTER VIII 


SPIRIT VARNISH RESINS 

The second class of resins in(!ludes dammar, mastic, sandarach, 
acaroid, lac (shellac), rosin (colophonium), and the softer varieties 
of oil varnish resins which have la-cn described in the last 
chapter. 

Dammar.—'J’his resin is a Ijiiical exudation from Dammar 
orientalis, indigenous to the Dutch East Indies and British Malaya. 
Under this name a large nuinlx'r of varieties (more or less soft) 
are included. Dammar comes into the market generally in the 
form of nodules, clear and paTe in colour. It is decidedly softer 
than the majority of copals, but it is harder than rosin. The resin 
dries with a tack, and as a spirit varnish give.s a friable coat, which 
can be easily rubbed up into a powder. The most important 
trade varieties are: Batavian dammar, Singapore dammar, 
pontianao dammar (from Borneo), which is whiter than the Singapore 
variety, pale Borneo, Sumatra, and Padang (Sumatra) dammar. 
Dammar Auslralis is the kauri tree of New Zealand, and gives the 
cultivated soft kauri already described. Black dammar is obtained 
trom incisions in Ganarium strictum of India (also called Kala 
dammar). 

Dammar is soluble in turpentine in the proportions of 3-5 : 7-5, 
and the solution dries in five to nine hoiu-s. It imparts lustre to 
‘films and is harder and better than ro.sin, but not so durable as 
an oil varnish resin (see later under Crystal Varnishes). Its very 
pale colour compared^with other varnish resins makes it a com¬ 
ponent of varnishes where colour has to be considered. 

Mastic.—This resin is the most important European form 
known with tlfe exception of rosin and amber.* It occurs in the 
Mediterranean littoral, being obtained from Piatachia leniiacua. 
Much conjes from Greece and its islands, especially Chios, either 
as cake, largo or small mastic. I’he Piatachia has a marked wound 
response, so that under good conditions a tree may yield 10-18 lb. ^ 
per annum. The smell of \ho rfisin is feebly balsamic, and it has 
a slightly bitter taste. Varnishes containing it are only slightly 
coloimed, and are satisfactorily elastic. It is used in turpentine 
solution in picture varnishes, and with boiled linseed oil forms 
ipegilp, the well-known artists’ medium! Its melting point is 
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103°-108° C. Tho present practice of protecting pictiu-es liy an 
easily removable mastic varnish is justified. 

Sandarach.—Sandarach is a North African resin, being the 
exudation of CalUtris quadrhxdvis, which tree grows also in N. 
America. CalUtris calcarata and glauca in Australia also yield 
sandarach. It is comparatively hard, and is used to impart that 
property to other resins. It is .said by some to be as hard as kauri 
and sup(!rior to mastic, which it scratches. Tt is an ingredient of 
negative varnishe.s, lals'l varnishes, and bookbinders’ varnishes. It 
is soluble in metliylated .spirit and in ether, but only slightly soluble 
in turpentine, l)enzolc, and petrol. 

Acaroid Resin (dim Accroiitcs).-^ Xanihorrhcea or grass tree 
{Asplidikica;) i.s confined to Australia and Tasmania. It is a plant 
with a. short woody .stem terminated by a tuft of long leaves (about 
three feet) with cutting edges. The three most imjmrtant species 
are X. hastiUs (j'cllow acaroid gum), X. arhorea, and X. Australis 
(gra.ss tree gum, red gum acaroid). From the trunk of the tree 
on incision fiows a, resiiioius substance giving a layer 2-4 cm. thick 
r)f rosin in the case of A', hastilis. iSometimes fragments detach 
themselves and collect at the foot of the.tree, where they are found 
buried ami .semi-fos.silised. X. hmtilis (Botany Bay gum) yields 
a yellow rosin of the composition ; matter soluble in alcohol 82-7 
IKir cent, insoluble in alcohol 13 to per cent; moisture 3 per cent; 
ash 1 to 3 per c('nt (matti'r insoluble in ether 23 per cent). The 
melting point of the resin is 97° C. The red re.sin (red yacca gum) 
obtained from X. ariioreM and X. Australis has the composition : 
matter insoluble in alcohol 4 jx'r cent; matter insoluble in ether 
Ifi per cent; moisture 3-5 ]Ter cent; ash 0-24 per cent. Its melting 
point is 110° C. A sample of the red resin, purified by extraction 
with alcohol, yielded 2 p<*r cent free and combined para-cumaric 
acid, 0-1 per cent cinnamic acid, Od per cent stjTacine, traces of 
aldehydes, and a residue of phenolic compounds. Distillation of 
tho resin yielded 17 per cent of an oily distillate of a phenolic naturd. 
Oxidation by lutric acid yields about 30 per cent picric acid from 
the yellow variety and 25 j)er cent from the i-ed variety.^ Red 
gum acaroid approximates to dragon’s blood in colour, with a shade 
approaching brown, possessing an orange streak. In lustre it is 
superior to the above-mentioned resin. Both varieties are soluble 
in alcohol and alkalies, but insoluble in petroleum ether, and in 
this respect resemble shellac. Xanthorrhooa resins belong to the 
same class as Pent balsa«, storax, and benzoin. Dilring the Great 
War it wa.s suggested that they might be a source of picric acid. 
Xanthorrhoea resin is also obtained from Kangaroo Inland and 
W. Australia. By steam distillation of a strongly alkaline solu¬ 
tion, pseonal (2-,hydroxy-,4-,methylacetophenone), hydroxypseonal, 
f-citonellal, and probably methoxydfphen^lether have been obtained.^ 
Recent patents have,been taken out by H. 0. Miller and H. A. 
Irelam in connection with acaroid resin.® Details as to its use in 
spirit varnishes will be given in another chaj)ter. 
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Lac* 

i The most important of the spirit-soluble resins is Lac, which 
possesses a degree of elasticity, hardness, and power of adhesion 
to smooth wood and metal surfaces, distinguishing it from other 
resins. Ijae comes into the market in variotis forms, such as grain 
lac, flake shellac, button lac, garnet lac, bkiaehed shellac. The 
original resin is the secretion of the lac insect {Tachardia laccd), 
which is found on a number of species of Indian trees, e.g. acacia, 
ficus, ndraosa, etc.; the most important of which ai'c the Kusum 
(Schlekhera In'juga), which jiclds the best shellac; the Ber {Zizyphvs 
Jnjvba), which is becoming more popular, as it is easy to cultivate; 
the Ghort (VAzyphus xylopyrux ); and the Palas or Dhak (Bulm 
frimdom), which is a common tree and often prefiirred. These 
trees contain much gummy or resinous matter or are rich m latex. 
The lac insect belongs to the gioup of Goeeidse or scale insects, 
the scale being an exudation of amber resinous material or lac, 
which envelops and cements them together to form a coating 
around the twig of the tree upon the juices of which they feed. 
The female lives for about s'ix montlis, producing eggs in the cavities 
in the lac, from which emerge eventually a swarm of very slow- 
moving crimson or violet specks which travel along until they find 
a suitable branch to which thl-y can attac^h themselves and carry 
on their functions. There are two broods or swarms in each year 
and two (Tops of lac, winter and summer crops. The female 
insects remain embedded in the lac for the whole f)criod of their 
lives, but the male insect, which is smaller and produces much less 
lac than the female, crawls out diming the jiairing season and visits 
the female. The males of the summer broml are stated to be 
wingless, but those of the winter brood are provided with wings. 
The crop of lac varies considerably from year to year, owing to 
Jhc effect of climatic conditions on the insects. The most favourable 
aituatioas where the lac is most abundantly grown, i.e. Chota 
Nagpur, Orissa, and the North-East of the Central Provinces, are 
generally 1000 ft. above .sea-level and possess a fairly temperate 
climate with an annual rainfall of 50-00 in., occasional showers 
falling at times other than the regular rainy season. A considerable 
amount of research has been carried out on the histofy of the 
parasites which attack the lac insect, but the Report of H. A. 
Lindsay and C. M. Harlow * emphasises the paucity of knowledge 
on the biological side of the lac insect i its fi./od-plant, and the 
need for much more extended observation. The food .trees,: 
distribution, and cultivation are all discussed, as well as suggestions' 
for impriived methods of cultivation and storage, etc. Eor a 
complete description of the native method of preparing shellac,, 
reference may be made to’the Kport, which is well illustrated by 
drawings; e.g. the coolie woman grinding and sifting the lac, the 
Ghasandar washing lac in bowls, the Karigar melting the lac over 
the'fire, and the Bhilwaya stretching the lac with hands and feet 
Sanskrit Laksha (Hindi Lakh), a hundred thousand. 
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into largo sheets, which are broken up into scales of flake lae. A 
few firms manufacture shellac by machinery, ^he lac lieing dissolved 
out with alcohol and the latt<'r evajmrated off, the lac being then 
run out in the raolttm state and converted into the Ifutton form. 
This shellac differs from that made by the native method,- beipg 
dai’ker and probably more affected by heat; moreover, it is less 
soluble. At present it is doubtful w'hether mechanically-made 
shellac is as suitable for all purpo.se,s as that niade by native methods. 

The history of the lac! industry is ancient. Previous to its 
employment in varnishes and polishes, lac was used for dyeing, 
, the red colouring matter being (ixtracted and u.sed for that purpose 
and also in the pre])arntion of criuison lake. The residue was 
thrown .away. Subscqiumtly the residue was worked up into 
shellac and became the nio.st im])orlant iwoduet when the intro¬ 
duction of .miline colours stopped the export of the lac dye in 1888-9. 

In 1SS8 fl (}io value of the export of shellue wtu? ;^200,()00 rupees. 

„ IHIH) .. .. 7,0(H),()00 „ 

„ UM»S ‘J 25,000.000 


The iuqiorts of shellac, of which 9.') jier'oent is inoduced in India, 
into diffeic lit countries is given in the following table : 



1012 

((.’aspH). 

1010 

((’ascii). 

U.S.A. 

n 1,000 

130.000 (each containing? 



2 inaunds—lA cwt.) 

TTnitod Kin^rdom 

50,000 

50,000 

(lOrraany, Holland, and Austria 

i;:i,ooo 

450 

Franco . 

l(),500 

5,450 

Japtui (tlirnuj>h U.S.A.) 

000 


The price of shellac varies in the inver.se ratio with the stocks 
in London. At the outbreak of the Great War the stocks were 
very high, but in December 1916 the stock was reduced to nearly 
half and the price ivas more than doubled. The Government put 
on a control and obtained a fixed delivery price, which caused prices 
in London to rise sevenfold above the pre-war i»te, to 4.50s. per owt. 
Prices dropped to 205s. per cwt. in April 1919, only to rise-to 880s. 
in .lanuary 1920 • sjpee then the jirices have dropped. 

, The principal defects *from which the lac industry suffers at 
present are sjieculation and adulteration. Tloth have their origin in 
^e peculiar conditions of the industry; the ignorance andnmprovi- 
dence of the cultivator ; the long distances the stick lac has to be 
brought to the markets ; the large ipimbgr of agents through whose 
hands it passes; and the difficulty of estimating forthcoming 
suppliM. The commonest forms of adulteration are sand and ashes 
in grain lac {.seed lae) and losin; this can be controlled analyrtically 
W use of Parry’s method^ (London) and Langmuir’s method (New 
York). Pormerly there was coi)|idcrabie local prejudice against 
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the manufacture of shellac. There is still current a proverb, “ Sau 
kasahi ek lahi ”: “ one lac manufactimer is as bad as 100 butchers,” 
referring to the destruction of insect life caused by the collection 
and manufacture of lac. 

Improved methods of cultivation on intensive lines in Govern¬ 
ment forests by Provincial Forest Departments are recommended, 
with a careful selection of the host trees. The greatest importance 
is attached to the organisation of brood and demonstration farms 
so as to assure constant supplies of brood lac of good quality. 
Moreover, cidtivators must learn scientific methods of cultivation 
and collection, with the organisation of co-operative credit societies, 
for the maintenance and distribution of supplies of brood lac, 
and the formation of Research Associations to be supported by 
the Lao Trades Association. The Special Committee of the Imperial 
Institute to consider the trade in lac suggest: 

(1) That the method of leasing concessions to collect lac should 
be improved and systematised after an inquiry in India ; longer 
periods of leases and a sliding scale of royalties are proposed. 

(2) That greater attention bo paid to improved methods of 
cultivation and collection of lac, and an advisory and supervisory 
agency should be constituted. 

(3) That one or two large-scale Government factories be started, 
to put the manufacture on a thoroughly efficient basis and safe¬ 
guard the interests of India and the Empire ; lac-ware manufactures 
to be encouraged in India. 

(4) That definite marks and grades be established, in consulta¬ 
tion with the Imperial Institute, to ensure the maintenance of 
standards of purity and quality. 

(6) That the system of trading be simplified, and more direct 
relation established between the Indian producer and the British user.^ 

Industrial Uses of Lac Resin.-—Lac resin is one of the most 
'dmportant resins of commerce, and owes this position partly to 
properties (such as high resistance to the action of air and moisture, 
adhesiveness, and high electrical resistance) which it shares with 
all resins, but chiefly to the fact' that its ready solubility in alcohol 
renders it easy of application. There is ho satisfactory substitute 
for lac resin among natural resins, and the synthetic production 
of shellac is a competitor only in certain special requirements. 
The principal uses of lac resin are : 

(1) As an, electrical insulating agent, chie^y for special insu¬ 

lators having paper or mica (micanite) a^'a basis, and for insulating 
varnishes. * 

(2) As a stiffening material for felt, straw, etc., for hats, and for 
erSpe. 

(3) As a preservative ,poa%g for wood and metal in the form 
of varnishes (sphit- and water-soluble) and lacquers. For these 
purposes it is employed in a great variety of industries, and especially 
during the war in the protection of shell parts. 

(4) As an adhesive material in special cements, sealing-wax, 
gramoiAone records, etc. 
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liac resin must be regarded as an important war material, and 
from this point of view it is essential that its production should 
be safeguarded, and that there should always be an ample stock 
in the United Kingdom. “ 

Manufacture of Shellac.— The full details of the manufacture 
can be obtained from the Report, of which a very brief summary 
will be given here. 

The object of the manufacture is to refine the crude lac and 
remove the dye, fibre, animal remains, and other impurities. The 
first step is to clean the stick lac and remove the woody matter. 
The best method of collection is to break off, by a twisting movement 
only, the lesinous incrustation after the insects have swarmed. 
It is then ground and winnowed to complete the separation of 
the lac and refuse. The seed-lac is siwcially washed with water 
and dilute sodium carbonate to remove the dye, finally with water, 
and dried on a cement floor (grain lac seed). The dye extracted 
in the washing was originally the, staple product of the industry, 
and it is prized for its bright scarlet shade. It was used to dye 
the British infantryman’s tunic (like the madder for the French 
poilu’s trousers). The word lake in crimson lake is derived from 
lac, and the word (irimson from the Arabic (kirmez = insects), from 
which Kiri (Uruii) is directly derived. Kiri is the animal refuse 
from the bags from which the lac is expressed. To the grain lac 
is added a little orpiment (yellow arsenic sulphide), to give the 
trade colour requirements, which is followed by an addition of 
rosin (3 per cent). The grain lac is now transferred to a roll of 
cotton, and the roll containing the grain lac is gradually warmed 
by bringing it near a fire ; the ends of the roll are squeezed so as 
to drive the molten shellac through the cotton, leaving the kiri 
(animal refuse in the roll). The molten shellac is allowed to solidify 
on plates or water-cooled rolls, from which it is removed in flakes, 
of an orange-brown colorir, constituting the flake lac of commerce* 
It would appear as if the manual process has hit off by sheer accident 
the proportions of resin and wax which produce the best quality 
of shellac known. The machinery processes are at present expen¬ 
sive, and if the supply'of stick lac is short the machines cannot 
work regularly and capital charges are high. The yield of shellac 
per Bengal maund (82 lb.) of the Kusmi ari»(lac collected before 
the insect swarms and containing insect and dye) is 32-33 seers 
(1 maund = 40 soers). Kusmi grain-lac gives 36 seprs shellac per 
maund. • 

Grades of Shellac.—Shellac is a complex mixture of resin acids, 
resin esters, and a wax; The resin acids are probably deaived from 
hydroxyfatty acids.® Shellac is a derivative of aleuritic acid, 
probably as an ester of the acid gH 3 CH 2 CHj,CHOH(CHsj),CHOH • 
0. Hames and W. Nagel * state that aleuritic acid is 
trmydroxypalmitic acid and comprises 30 per cent of ether-insoluble 
part of shellac. Stick lac contains 66 per cent resin, 6 per cent 
wax, 6 per cent gluten, and 11 per cent colopring matter. 

'The best lac is produced from the Kusnm tree: 
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The bulk of the shellac manufactured is (probably the 

mark of Taluram Naturam (a manufacturer of Belarpur) or Triloki 
Nath, Ik’ngali. It contains no rosin, and is of the flake lac variety. 
Calcutta brokers blend 12 per e<!nt rosin-slu'llac with T.N. to make 
a 3 per cent mixtuie, which is standard in J.iondon. Machinc- 

made shellac is not accepted as brand. 

The added ro.sin is stated to be always Canadian rosin and not 
Indian, which has not as yet jjroved .satisfactory. Rosinous shellac 
is always sold as shellac, and, in view of the trade re()uirement, 
the rosin can hardly be looked u])on as an adulterant, although 
its amount must be controlled. 

Shellac when applied to a warm metal surface gives a hard, 
lustrous film which is a ^■aluabl(' protective indoors coating. In a 
damp atmosphere it disintegrates and the film becomes rough and 
powdery, and does not regain its original condition on the expulsion 
of the moisture. As a hai-d priming coat on wood it is very satis¬ 
factory, especially if the \<oodwork contains knots, but it i.s stated 
that it is inadvisable to prime knots with shellac previous to the 
application of paint.® Its electrical insulating ])ropcrties arc very 
good. By far the largest demand for shellac is in the manufacture 
of gramophone records. 

' Shellac is soluble in aqueous solutions of alkalies, alkaline car- 
bonatc'-s, and borax ; this property is utilised in the prejiaration of 
shellac water-varnishes and in the production of a bleached shellac 
soluble or partially soluble in alcohol.. 

Bleached Shellac.—Weak alkaline solutions partially remove the 
colouring matter from crude shellac. To bleach shellac it may be 
dissolved in alkalies and chlorine passed in. Ten ])arts shellac arc 
.jlissolved in two hundred parts of w'ater containing one and a half 
parts sodium carbonate, and chlorine gas, diluted with ten times 
ite volume of air, steam, or any other indifferent gas, is passed in for 
twenty-four hours. The jjiecipitated lac is collected, melted under 
water, and when soft i.s pulled out so as to give it a fibrous, satin-like 
appearanee. Shellac may be also bleached by dissolving it in a solu¬ 
tion of sodium carboqate and adding gradually a solution of sodium 
hypochlorite. The lo.ss in weight of th<! lac in the process is about 
four per cent., The bleached lac is f)erfectly white, but it is more 
friable than shellac. It should be kept' undet water to prevent 
it lo,sing its solubility m .spirit, and even under these conditions 
it gradually deteriorates. The spirit-soluble form is the component 
of the so-called transparent lacquers. 'Bleached shellac is seldom 
completely soluble in methylated spirit.', 

A lac water-varni,sh is a water solution of shellac or bleached 
shellac in borax ; it makes a good waterproof paper varnish. (See 
further under Shellac Varnishes.) 

Button tflc.—^This yariety is sold at a lower price than shellac 
of the some grade, as it does not go through the process of stretching ■ 
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and hcnco the cost of manufacture is less. It is obtained i.i the 
form of large, flat or slightly hollowed buttons by stirring the crude 
lac with hot water for several hours to remove the colouring matter, 
melting, and casting into buttons. It is not so poinilar, because 
it has generally to bo ground before use. It may contain rosin 
up to 20 ])cr cent, and such admixture is made to facilitate melting 
during manufacture (Lind.say and Harlow, loc. cit.). The be.st 
varieties are pale in colour and free from rosin. 

Garnet Lac.—Garnet lac is a special preparation of shellac 
eharaeb'rised by being free from contained wax. The waxy con¬ 
stituent of .sheilac la'iiig insoluble in alcohol, a clear solution is 
not obtainable from any variety but garnet lac. It usually contains 
10-20 ]a‘r cent of rosin and has also lo be gi-ound before use. 

Shellac, freed from the wax (m.p. .')H'’-r)9° C.), is obtained by 
either fractionally ja-taipitating the wax from a strong alcoholic 
solution by water, tlu- wax .seiiarating out first and tins shellac 
remaining in solution bdng recovered by distillation of the alcohol, 
or by tri'atment with ati acpieous solution of alkali carbonate, 
wherein the shellac dissolves, leaving the wax iu.soluble as a scum. 
In the latter method the shellac is reeoveri'd by acidifying the 
alkaline solution. 

As is well luiown, shellac on (jf-orage gradually becomes less 
soluble in alcohol, and it is .said that by soaking in water for some 
days its solubility is improved. Seed latt becomes less soluble 
more rapidly than shdlac, and shellac more rajiidly than button 
lac. T.N. .shellac lo.ses 5 per cent solubility per amiiim during the 
first three years. 

1). Hoojkt gives analyses of the four most important varieties 
of crude lac, of which Kusum may lx; quotial; wati'r I'B, resins 
S5'6, colouring matter 2’5, re.sidno 91, a.sh l-O; total lOO. Shellac 
from Kusum lac. has an acid number (il l, saponification value 
291, iodine value 9 (), insoluble in alcohol O-T per cent. Rudling 
examined three samples of .shellac and gives the following figures : 



Wiiti'f. 

IiisdliibU' 

Acid 

SflimiiiQcation 

lofllno 


in Alcohti) 

Valiio. 

Value. 

Value. 

Stick lac . . . 

3 *70 

14-4 

3})-2 • 

213 

160 

Seed lac . . . 


11-7 

r>3 

2(8 

7T» 

Button lac 

2-0 


nu 

204 

22*2 

• 




• 



The varieties melt between 77” C. and 82” 0., the button and 
garnet lacs having lower melting points than stick lac. Further 
references to the literature are given at the end of the chapter.*^ 


Rosin* Colopiiony. Colophonixim 

Under the oleoresins it has been shown that on distillation the 
residue after the expulsibn of the turpentifie spirit is rosin, which 
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in turn on further distillation under different conditions yields 
a volatile rosin oil and a residue of rosin pitch. The properties 
of the spirits of turpentine will be discusscid later, whilst those of 
rosin fall under the heading of spirit-soluble resins. 

The “ gemnie ” of Bordeaux oleore.sin, which has a disagreeable 
odour and an acid and bitter taste, is in its raw state a thick trans¬ 
parent liquid which subsequently becomes cloudy and viscous. 
Its average composition is ; Oil of turpentine, 15-20 per cent; 
dry products, 70-H0 per cent; water, 10 per cent; sand and im¬ 
purities, 2 jjer cent. 

French Method.—The first stage in the terebenthinage (recovery 
of turpentine) is the purification of the gemme by the separation 
of the sand, wood rubbish, and water. On arrival at the factory 
the gemme is next distilled by a special process wlii(;h will be 


KM roK o/sniiAnoN raw 

oi£o-Ree//t. mrfts/fn/Lmneoua 


fit/MmsATYo/!/ Of fiea/H. 




Fia. 24.—DiHtillatwm of olconsln and ftltratloii of colophony. 


refeired to under the Manufacture of Turpentine. The plant for the 
distillation of raw oleoresin (Pig. 24, 1) eonsists of a steam generator 
G, a still A, and a condensation apparatus C. The generator does 
not possess any special characteristic, but the still is made entirely 
of steel and capable ,of supporting a pressure of ten atmospheres. 
Its cover is provided with a tube P, for the introduction of the 
gemme coming from the reservoir 0, and a still head which conducts 
the tu^ntine vapours into the condenser C. ' The lower part of 
the still is provided with a pipe V, by which the rosin escapes. 
The actual boiler is prismatic in shape and traversed by tubes t, 
which are arranged like a grating and connected with the steam 
jacket which surroimds the whole. The water condensed in the' 
jacket is conducted back to tire generator by the tube- K. The 
gemme, thus exposed to the Jieat from the- tubes, which present 
a ve^ large heating surface, is very readily separated and distilled. 
During the distillation an injection of water is made by means 
of a cap placed in the dome. The solid body left in the retort, 
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more or less colonred and having an acid reaction, is colophony. 
It still contains a little water and nearly always solid impurities. 
In order to remove them the temperature is raised until the last 
traces of water are expelled, and the molten rosin is p^sed through 
sieves or filU'rs to got rid of the solid impurities. In the filtration 
of the rosin, steam under pressure is made to act on it in a resistance 
boiler, heated externally by a steam jacket, whilst the bottom 
of the boiler is pierced with holes covered by materiiil to retain 
the im})urities, or alternatively the melted resin pas.ses from B 
(Fig. 24, 2) into a hollow revolving cylinder S, the walls of which 
are made of suitable filtering material {metallic cloth), whereby the 
solid impurities do not interfero with the filtration due to the 
rotatory movement. The colophony is rciccived in a receptacle 
and comes out at C, perfectly clear and free from all impurities. 
It is collected directly in moulds, and the loaves obtained can be 
packed and delivered dii'cct for immediate use. 

American Method.—^In the American method, stills holding 
800 galls. (20-25 casks) of oleoresin are fli'o-hcated to fuse the oleo- 
resin and a thin stream of lukewarm water is added to the charge 
during the heating. The water and the oil are collecteii, and the 
molten resin left in the .still is graded.*’ 

Properties of Rosin. —^The Irest pade of French resin (window 
glass or verre-a-vilre) is purified rosin, bleached in the sunlight by 
exposure of the loaves for two weeks or by ultra-violet rays from 
mercury lamps. If the rosin has been properly prepared it is clear 
and of a pale amber colour. Common rosin is of a darker colour, 
Black ro.sin is opaque and very dark, and is found at the bottom 
of the fusion pots in the distillation of the oleoresin. 

The American grades are : 

W.W., waUM’-whito ; W.Or., window gloss from “ virgin dip ” ; N., ext« 

E fUe; M.,pale; K.,low pale; J.,goofl; H.,No. 1; F.,Good No. 2; E.,No. 2 
K, good strain ; 0., strain ; B., common strain ; A., black. ^ 

The specific gravity of colophony lies between 1 -070 and 1 -080 
It melts at 120°-136° C. with an acid value of 168-171-5, and i 
Kottstorfer value of 168-174. It is soluble in most solvents excep 
water, but it is volatile without decomposition in steam imde: 
reduced pressure. 

Rosin does not ivlone form soaps of praRtical utility, but it i 
a valuable ingredient of a soap fat stock, endowing the finishec 
product with a polish »nd lustre together with tlfat odour whicl 
is favoured in household soaps. Lump rqsin is superior to powdere( 
rosin in soap-making power. Rosin soap is not readily precipitatec 
from its aqueous solution by brine, as in the case of true or fatty aci( 
soaps, and consequently is made separately. An excessive quantit; 
of rosin in toilet soaps causes inltatidh of the skin, probably du 
to the hydrolytic dissociation of the alkaline salts of the wea; 
abietic acids. <■ In addition to its importance as a varnish, resin 
lac substitutes can be produced by dissolving casein in an alcohol! 
solution of rosin to give bright and trailsparent coatingsl( It i 
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an iijiportant component of scaling wax to the extent of fiO per 
cent, and it is in great demand as a paper size. Rosin size * may 
bo added to paper pulj). The sizing of paper by rosin is said by 
Thindon t 9 , be due to free rosin jwotccted by a film of alnminium 
hydroxide or rcsiaate. By dissolving the sodium resinate and 
alum in a suitable staieh solution, the quantity of ro.sin can bo 
reduced by about flO ])er cent (Traquair “). The size suspension 
in water can be coagulated by electrolytes, c.g. aluminium sulphate, 

0 00261 mol. ix'r litre; (calcium and m.agnesium salts require 0 02.') 
mol. per litns concentration for the 7 )rccipitati()n of the ro.sin. 

In s])itc of much investigation of rosin there is yet considerable 
uncertainty as to its correct composition. This is not sur))rising ' 
in view of the differences of souro? of the oleoresin and conditions 
of manufacture. There is confusion as to the names of the acids 
composing the rosin. The best-known eomponent is an abietic 
acid to which the formula U^oH^dOj is now generally given. 
Fahrion writes the constitutional formula : 


(l-CHs UCOOH 

/\ 

HC CH-CH CH 


HX' (JH-(!h (Ihj 

\ / \/ 


(abietic acid) 


HC OaH, HC O3H,. 


A formula was proposed in 1880 by Bischolf and Nastvogel. 
Easterfield and Bagley imt forward ( 'jgPfojjOg clS the formula 
of abietic acid, and con.sidered abiotic acid as a derivative of 
decahydroretene : 


CK» (JH, 


CHj 

CH/ 


/ ' 
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— /<’H 

Cfl \ 

CHj 

CHj 

CH 


OH, 

-c/ 

f'Jl, (isopropyl) 
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CH 


. ,,,, 

CH ^ 

/*-Hj-Lx yOir_c. 

/ ^c'H—cri/ '' 

/ \ 




CH.—CH.' 


CH -C 

I 

(‘3H.7 


^C-COOH 


• All writing pupors and laoHt 'printing papers require to have some 
material added that will oriaiile thorn to resist ink. Engine sizing consists in 
precipitating in the paper pulp resinate of aluminium produced by double 
decomposition of soaium resinate and alum or aluminium sulphate. Tbe 
atnourit of alum added to the pulp is largely in excess of that necessary to 
j^recipita^ the resinate. ^ • 
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By distillation nndcr ordinary pi'cssiiro abiotic acid is dfioom- 
posod into abietone and carbon dioxide.'" On distillation with 
small quantities of sulphur, 

CH 

/\ 

Jt(j, (!-CH3 

iic'j c 

\ '/'v 

(■' ll('ll 

li (rotono) 

(', ;('H 


Hcj leu 

<' ■ ('3 H 7 

rotom! is produc<'d (I'osin spirit is rich in nt-oyniono "), Therefore 
abicti<^ acid is dcrahydioditnothylisfqiropyl-phonanthreno carboxylic 
acid. Pitnaric acid Inas boon stated tro be the niononiothyl derivative 
of abiotic acid (Eastci-ficld and Jhiidcv), but Kohler '* gives to piinaric 
/ \ 

acid ^tt„ - - 280'-.rij the formula (^joHaiOj. Rhmiio acid (I'iniu resin) 
and ])odocar))ic acids (])odocar pus resin) are considered to octo- 
hydro-oxj'inethyl and octohydro-oxydinicthyl-phcnantlirene car¬ 
boxyl acids rcs|«'ctivcly. P. T^evystates that abietie acid contains 
a hcxsdiydi-ogen Ix-nzcuc! nucleus, an isopropyl grou]), and has its car¬ 
boxyl acid group attached to a tertiary carbon atom. A. Griin 
states that abiotic docs not contain two double bonds, for on treat¬ 
ment with concentrated .sulphuric acid it gives an internal esti'r of 
an hydroxyacid, ('j3bl;,„(OU)t!t)-0- (^jHjqCOOH. He considers 
abietie acid is built uj) like jrinene and contains a bridge linkage 
and one double bond, on the assumption that molecules of a- and 
/f-pinene (t'joH,,,) unite with subsc^quent oxidation of a methyl 
grouping to a (lOOlI grouping. By differimt modes of combination 
of two molccukis of pinene. a scries of abietie and pimaric acids 
and other acids can be formed in an analogous manner from 
camphene or fcnchciic. 

Tsohirch considers that conifer resins fall into two groups; 
those containing abietie acid and tho.se containing pimaric acid. 
The olooresin from Pinus pahifitru (American olooresin) contains 
abiotic acid (acjd •valuai 188-192, and saponificatibn, value 237- 
257-6), whereas the oleort .sin from Finns rwritima (French) contains 
d- and Z-pimaric acids (acid value 171 -5, saponifioa^on value 
172-174). Canada balsam contains resins belonging to both groups. 
Abiotic and pimaric acids are isomers possessing the formula 
differing in melting poftits Jnd crystalline form, and 
abietie acid shows an^apparent ester number, although esters are 
absent. Tsohirch considers this as indicative of enol formation. 

Dupont has shown that the rotation of d-pimaric acid is 
unchanged by the action of very dilute hydrochloric acid, but 



138 VARNISHES AND THEIR COMPONENTS 

l-pini&rio aoid gives a decreasing rotatory power according to the 
length of time of contact with dilute hydrochloric acid. He con¬ 
siders that abietic acid in rosin is a mixture of isoinorphous acids 
which he designates as pimarabietic acid, produced by the action 
of heat on the pimaric acids of the crude resin. 

A.schan has isolated from Swedish pine oil pinabietic acid, 
920 II 30 O 2 , isomeric with abietic acid. It is almost insoluble in 
light ptitroleum, and possesses the remarkable property of being 
dextrorotatory in aromatic solvents and Isovorotatory in aliphatic 
solvents. 

Stock has investigated the distillation of rosin in liigh vacuum 
and found that th(! small difference between the temperature of 
boiling liquid rosin and that of its vaiwur indicated that rosin does 
not contain poly)n(!ri,scd bodies of abnormally high molecular weight. 
He obtained crystalline acids from amorphous rosin by heating in 
vacm, the time required to effect complete change dejamding on 
the temperature. He concluded that American rosin contains 31 
per cent «-abietic acid, 31 per cent /f-abietic acid, 19 per cent 
y-abietic acid, 10 per cent resenes, O-O ptu' cent essential oils, and 
O'S pt!r cent impurities. ‘ 

Rticcntly 0. Aschan “ has .separated from American and Fiimish 
colophony a new' series of rosin acids, colophenic acids : C,eH 2 j 04 , 
CJ 7 H 24 O 4 , Ci 8 Hi^ 04 , CjjoHjoOi, with melting points 96°-105‘' C., 
70“-75“ 0., 8()°-90“ (J., and 80“-90°-100° C. respectively. They 
are amorphous monobasic acids, not decolorised by charcoal, 
and the yellow and brown colour of rosin, as well as the bitter taste, 
are said to be due to their presence. They are not insoluble in water, 
but are insoluble in jjetroleum ether. The alkali salts arc soluble 
in cold water, distinguishing them from the salts of other resin 
acids. Aschan considers that the formula CjjHjgOj put forward 
by some investigators was due to the presence of these substances. 
.They are unsaturated acids, and are probably oxidation products 
of abietic aoid. By the action of hydrogen peroxide on sodium 
abietate, hexadekacolophenic acid, CuH^aOj, is produced, which 
reacts with phenylhydrazine and wdth acetic anhydride, indicating 
the presence of CO and OH groups. Eahrion points out that 
these colophenic acids are probably identical with oxyabietic acids 
produced by the actipn of air on abiotic acid; of. oxidation products 
of linseed oil. The peroxide acids are unstable and undergo change 
to oxy- and ketoaoids, which can react with acetic anhydride and 
phenylhydrazine. « <■ 

A summary of the sheraistry of rosin and rosin oil has been 
given by 0. E. Soane (Journ. 0. and Cd. Chem. Assocn., 1922, 6 , ,320). 
The following constitutional formulae have been put forward for 
abietic. acid and substances allied to it: 
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Photianlhrene 





Abiotic nrlil 

(Gruu, 1921). 





riutthlotio add Betene.f 

CgtUMO] (Vlrtancu). 


DipoDtene 


t AccDulinp to Riizicka, th> roiiiaiiiins cria group ami the TOOIT group In abiotic acid may 
occupy ouc of the lollowiiig iMisitloiiw: —(JH, :OOOH-=6:3, 5: 4, 6:1, 2:8, 2:7. 


It would appear as if the formula CjoHj^Oa were the most 
aco«!ptal)lr for abietic acid, and Easterfield and Bagley’s type of 
formula is preferable to Griin’s formula in the light of present know¬ 
ledge. L. Paul in a series of papers has investigated abietij 
acid very carefully, and finds that it has a number of modifications 
difiering in melting point and solubility. American colophony 
is stated to contain 90 per cent y-pinie acid (m.p. 75° C.); y-pinio 
acid is obtained as a voluminous precipitate when a solution of 
rosin in alkali is treated with hydrochloric acid. Its melting point, 
75°-76° C., rises in eight months to 88° C. Sylvie acid (occurring 
in rosin) can be projiared from y-pmic acid oy the action of cold 
alcohol. The two acids are transformed on standing into «-pinic 
acid (m.p. 8i°-83“ €.), which is soluble in water and in petroleum, 
and j8-pinio acid (m.p. 98°-100° C.). • 

a- and /f-pinic acids ai» present in colophony, especially in 
colophony powder. When o- and /i-pinic acids are crystallised 
from hot alcohol, a-, fi., and y-abietic acids (m.p. 160° 0., 100° C., and 
162° C. respectively) are obtained.*® Cihn ^ prepares abietic acid 
from white rosin by reprystallisation on the water bath from methyl 
alcohol and ether (60:6) and washes the crystals of abietic acid 
(m.p. 166°-162° C.) with methyl alcohol. 

The formation of waiter-soluble pinic atiids is worthy of con- 
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sidemtion as adding to the active acidity of films containing rosin 
and affecting their durability. 

E. Knccht and E. Hibbert obtained by reix-atod crystallisation 
from acetic*acid and alcohol two pimaric acids (CjoHajOj) from 
American and Ercnch turjientine ros)K‘ctively, showing opposite 
optical rotations. On heating in vacuo or in a stream of carbon 
dioxide they are converted into rosin-like anhydrides, which on 
recrystallisation from acetic acid or alcohol change to inactive 
pimaric acids. 'The re.sins them.selvcs [wobably consist of anhydrides, 
hydration being pn'liminary to the crystallisation of tlu^ resin acids, 
and it is suggested that this is the cause of whitening of the surface 
varnished with rosin when subjected to prolonged immersion in wateii 

The chief constitmmts of rosin must be considered as abietie ■ 
acid in one or more of its many forms, colo])henie, i>inic, sylvic, 
pimaric, or .sapinio, togethei- with small quantities of reseiKiS, which 
are soluble in neither acids nor alkalies, and are of relatively 
low oxygen content. The resenes may be regarded as (»xy|K)ly- 
terpimes formed from ter|)enos by simultaneous polymerisation 
and oxidation. Abietie acid from Si)anish colophony is identical 
with the acid obtaimsd frrfm American colophony.''*' The modifica¬ 
tion of the abiotic acid will depend on the variety of the oleoresin 
and on its age and mode of treatment to give colophony. 

Klason and Kohler ( J. f. prakl. (liemie, 1900, 73, 337) found 
that the “ winter re.sin ” from Scandinavian pines yielded a mixture 
of sapinio acids, which are also the ])recursors ()f the ty)«‘ of resin 
acid in American colophony, whilst pimaric acads an^ characteristic 
of Ercnch galipot resin. 

A pure abiotic acid may l)e ijrepared by gently heating fifty parts of 
white colophony with a mixture of fifty parts of methyl alcohol and 
six to seven parts of strong sul])huric acid on the water bath, with 
frequent stirring and shaking until a crystalline mass is obtained; 
^this is cooled, strained, and triturated with cold methyl alcohol. 
The resulting abietie acid molts at 156°-l(i2° (). and may be re- 
crystallised from methyl alcohol. A sample of the pure aeid h(!ated 
at 1()0°-170“ C. gives, on cooling, a fused mass (s.g. 1'072), which 
shows no tendency to crystallise (white rosin has s.g. DOS), and 
it behaves to ammonia, methyl alcohol, and strong sulphuric acid 
in the same way as prdinary rosin. By heating fused abietie. acid 
to about 200° 0. a yellow colophony (s.g, I -07) is obtained. There 
is no loss of weight during the heating, and no anhydride is formed. 
These results indicate that rosin may bo legardl'd as a more or less 
impure vitreous modifieartion of abietie acid. 

Unchanged y-pinic acid (ra.p. 7.5°-76° 0.) can be separated from 
rosin by treatment with very dilute ammorda and alcohol, because 
of the ease with which its ammonium salt is decomposed, whilst 
tt-pinie acid can be obtained from the filtrate on acidification, 
y-pinic acid gradually changes to a-piniq acid, which in turn 
changes to /8-pinic acid (m.p. 100° 0.). y-pinic acid, sylvic acid, 
y-abietic acid, are soluble in petroleum, whereas a. and /O-pinio 
acids aae insoluble. 
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L. Paul points out that rosin can form unstahlo comprfhnds 
with organic and inorganic substances, as is shown in a very pro¬ 
nounced nianncf in its behaviour with petroleum hydrocarbons. 
Pure anliydrous y-abictic acid is capable of absorbing'benzine and 
higher boiling point hydrocarbons, and the same property is possessed 
hy the salts of y-pinic acid, (^specially the calcium salt. When 
sodium y-pinatc is heated with Urn times its quantity of petroleum, 
water vapour is copiously evolved at I]0‘’-120'' C. and the solution 
solidifies to a translucent mass. Tin! application of this is shown 
in the fun<tion of thinners in resin varnishes, where the strong 
atiraetiou of the I'csin for the thinner is a factor tending to the 
stability of the mixing. The work of Paul has been quoted at 
hmgth, iH'cau.se it is an examjile of carefid investigation into the 
|iro])erties of a U pieal resin in the behaviour of varnish mixings. The 
tendency to ignore these ])ropcrti(!S, exee))t that of acidity, is 
likely to cause much trouble. /i-])inic acid is characterised by 
solubility in water with the formation of fluorescent resin-like 
solutions. S.vlvic acid is formed by the action of cold alcohol on 
coloidiony, whereas hot alcohol causes the formation of y-abietic 
acid. 

Notm.- -a* and ,‘-ninic acids must not f>e confounded with pinic acid 

('ll t’Hscoon 

I CHi-C-t'Jf, 

0H\ 

coou 

prodticcd by o-xidation of o-pineno. 

The eolli>id pro])crties of (sdojihony compounds and their 
changes are aseribetl to a special holding power characteristic of 
r'-sinous compounds with the formation (jf new chemical substances 
c.g. y-i)inie, acid forms w’cak compounds with e.ssential oils which 
constitute the tur-pentine resins. 

There is considerable difference of opinion in the views of 
investigators on L. Paul’s eonolu,sions The crumbling of rosin on 
expofime to air is more probably an oxidation to give a peroxide 
aeid,®^ which is unstable and insoluble in jjptrolcum ether, like 
many of the jKToxide acids. It would .seem as if /f-pinic. acid were 
an oxyabietic acid and not an isomer of y-pinic acjd. It is con¬ 
sidered that anhi <frides»to the extent of 10-20 per cent are 
present with abietic acid in colophony, s» that in the estimation 
of rosin in soap by alkalies •tb(i mean combining weight is taken 
as 346 and not as 302, which would correspond to The 

amount of unsaponifiable matter due tj partial decomposition of 
the acid during distillation of the (Heoresin varies with the source; 
c.g. French rosin give% 16-2, American W.W. 7-34, and American 
M.7-61. 

The following table will show the variations in acidity, saponifica¬ 
tion value, and iodine valte of different varieties of rosin : 
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A V. 

s.v. 

I.V. 

* 

Aiiritrian 

146 

167 

116*8 

Amorican W.W. . 

154 

183 

92*3 

„ F. 

154 

165 


French .... 

138 

174 

12] ■.6-12;) 


Reference has been made to the dispute as to the number of 
double bonds in rosin. A few figures given by Lewkowitsch will 
show that, in addition to absorption, considerable substitution' 
occurs on treatment with bromine or iodine-carrying agents. 



Br. Absotiitioii. 

Add Oil Br 

Hubstltiited 

Jir. 

I,V. (Wija). 

W.G. Rosin . 

210-7 (1 hr.) 

41 

85 

219 

(2 hr.s.) 

237-7 
(24 hra.) 


203-5 (1 hr.*) 

88 

58 

W. Rosin 

201-8 

114 

43-0 

159*!) 

195-8 


These wide variations will bo referred to later under Turpentine; 
CjoHsjOj (302) would require I.V. 168 for two double bonds. The 
function of rosin in a varnish mixing will be discussed in another 
chapter, but it is evident that the marked acidity of the substance, 
compared with the copals, will exercise profound influence on the 
properties of the mixings, and the presence of active double bonds 
will play a part in the oxidation process of drying. The decomposi¬ 
tion of the re.sin oxidation products will have to be considered in 
respect to the d\irability of rosin varnish films. 

*• Resinates.—Rosin yields, with alkalies, resinates or abietates 
(pinates), which resemble in many respects the alkali soaps made 
from oils and fats. The salts are easily hydrolysed by water and 
lather on being agitated. The rosin soaps may be salted out by 
addition of concentrated alkali or common salt, but not so readily 
or completely as in the case of soaps made from fatty acids. The 
sodium soap dissolvec readily in alcohol, and the salts with alkaline 
earths and heavy metals are insoluble in water. The zinc, copper, 
and silver resinates are soluble in ether. Tlje properties of the 
metallic resinates have been treated undef metallic driers.®® 

Fused resinates exhibit colloid characters in non-aqueous solvents 
and show*variation in dispersion. Ledd resinate solutions are stated 
to be more highly dispersed than those of cobalt and manganese: 
(W. Schlick “). Rosin films (jften show tackiness which can be 
corrected by addition of lime or zinc oxide, but the film is prone 
to hydrolysis by water;, The powdery nakire of the dried rosin 
film is characteristic, and is connected with the change of one pinic. 
acid to another form, «r with the transformation into an oxyabietio 
acid. 
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M. de Keghel has described the use of resinates in laSquer 
paints and varnishes. When a dry precipitated resinate of zinc, 
aluminium, load, or manganese is dissolved in turponlinc and the 
solvent allowed to evaporate, a hard, vitreous, colouHess varnish 
coating resistant to water is obtained, capable of replacing oil 
varnishes in numerous applications. If the powdered pigment be 
incorjwrated with this vami.sh, good quality lacquer paints are 
formed. The prejiaration of such j)aints is carried out as follows : 
The colour to serve as the pigment is carefully and thoroughly 
dried. The equally dry resinate is added, and the two ground and 
mixed togethw to give a fine homogeneous powder. The final 
mixing and grindiilg is carried out in a porcelain ball mill. The 
mass is then triturated with a little turpentine and is ready for use 
as a lacquer paint by simple dilution with a volatile solvent. When 
heavy pigments, such as lead, barium, and mercury compounds are 
used, it is advisable to make the turiKintine paste thick, to avoid 
settling out of the pigment on storing or transport. The mixture 
of pigment and resinate cannot Ixi m,ade in all proportions, and 
preliminary cxjx'riments are alwaj’s necessary to determine those 
proportions .suitable for obtaining a coating which will be at once 
opaqu(! and pliable and will have no tendency to rub off or to 
crack. The last mentioned is the most frequent trouble with this 
class of paint, and is often attributed to an excess of resinate. 
The addition of a little rosin oil to the paint does much to counteract 
the tendency to crack, and 4-5 per cent of rectified pale resin oil 
should be added to the turpentine when the danger of paint-coat 
cracking is 2)resent> 

Two tj'pical formula! may be given here. For a white lacquer 
paint: zinc oxide, 20 parts ; zinc resinate, 10 parts ; neutral 
rectified rosin oil, 1-5 parts; turpentine, 25 parts. For a green 
lacquer paint; ultramarine, 20 parts ; chrome yellow, 16 parts ; 
aluminium resinate, 12 parts ; manganese resinate, 2-5 parts 
neutral pale rosin oil, 2-6 parts ; turpentine, 52 parts. The rosin 
oil is (dissolved in the turijentine, mixed with a finely ground pigment 
and resinate mixture, and the whole then pounded in cylinders. 
The resultant j)aint is immediately transferred to receptacles with 
tight-fitting lids; 

' The lacquer paints are stated to be far nwre brilliant than the 
OTdinary oil pigment paints. Their fastness and permanence may 
be greatly augmented by covering them with a piye transparent 
colourless resinate vamisll; e.g. a 6 per cent solution of zinc resinate 
ni turpentine to which 2 per cent of rosin 4iil has been added. The 
two layers being of the same chemical composition, a» intimate 
umon with perfect adherence is formed, and there is no danger of 
the protecting layer cracking or-splitting off. In the opinion 
of the writer, although the brilliancy of the lacquer paints 
may be greater than that of the ordinary oil paint, it is doubtful 
whether they are sufficienUy durable on exposure to atmospheric 
action. 

Production and Consumptloi^ of Rosin.—^The production and 
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consumption of rosin will be generally considered under Turpentine. 
The following table is taken from Cerman sources: 



Co.Hin. 

Tun>ei«Hfti\ 

U.S.A.— 

Tons. 

Tons. 

1913-14 

350,000 

150,000 

1014-15 

420.(K>0 

11,000 

1018 10 

245.000 

(»3.(M«) 

1020 21 

321,000 

HS.OOO 

France — 


i 10,700 tons (ff rosin nMcl turps 

before 1014 j 

94 to 

19 to 1 exported to Knjjlnnd 

80,000 

25,000 jll,0ntt do. e.xportod to 



F (),600 do. o\j)ort(‘d to Holland 




1919 . j 

110,000 

Jo.l HI j tm-ps were sent to Fiiffland 

Spain, 1020 21. 

21,000 

li,000 

I’ortuKal-- 



1010-20 

6,300 

1.800 

1020-21 

12.400 

3.600 

(li'oeee— 



before 1014 . 

»,40() 

‘ 2,300 

___ 

__ 

_ _ _ _____ 


France is increasing her production of rosin and iurjicntino, 
whilst in America the supjdy is on the down-grade : further, the 
cost of production there has risen, o\\ing largely to the increased 
cost of- labour. 

The importation of rosin into the United Kingdom i.s as follows 
(in tons): 



Lithf 

1H20. 

102 (. 

From 




U.S.A. . . . 

r>7.2W 

31,283 

19,401 

Franco . 

21,366 

22,568 

14,155 

Spain 

9,617 

4,860 

6,151 

Other countries . 

798 

1,765 

1,237 


89,031 

0(1,47(1 

40,944 


Rosin Estep.—In view of the serious defects of rosin referred 
to in the previous chapter, attempts hav« been made to replace it 
by rosin esters. I Rosin (tsters can be obtained by condonsatibn of 
rosin with alcohols; e.g. glycerol, resorcinol, and naphthol. Such 
esters are not soluble in caustic alkalies, in contradistinction to the 
behaviour of other resins. ,Thcj arc partly soft, partly hard, resin¬ 
like bodies which are suitable for varnishes. The esters of the 
sweated copals can also be u.sed, but their solubilities in vegetable 
oils are less than those of the parent sweated copals.l 
('The method of prejaration is to heat the resin with the alcohol 
under pressure, with or without a, dehydrating agent (acids or acid 
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^alts). As an example may be given the preparation of the resorcin 
ister of rosin, by heating rosin, sweated in vacuo to 350° C, to 
emove volatile products, with 17 per cent of its weight.of resorcine 
,0 280° C. in an autoclave under stiveral atmospheres pressure. 

The liberated water is allowed to c.scape and the heating continued 
mtil the ester formation is eorapleto, whieh is determined by 
«stmg an ether or benzine solution of the ester with soda. When 
>he e.ste-rilieation is eoiiiph^te, the .solution will Ix! unacted on by the 
ioda. Dehydrating agents, such as hydrochlorie acid, sulphuric 
icid, 1-2 per cent boric acid, or glacial acetic acid, may be used, 
^ueh esters ea« lx: incorporated with linseed oil at 300° C. By 
iddition of a. small jiereentage of lead oxiih; and baryta, and by 
iiassing in a stream of carbon dioxide or an indifferent gas, a clear 
Dale varnish may be obtained. , The geniTal method for the glyceryl 
'osin esters is to heat rosin (600 lb.) in a eop|icr still to 180°-200° G., 
and to the melted mass 10-25 per cent (72 lb.) of its weight of 
^lycm-ine i,s run in and th(! U‘m]«‘rature raised eventually to 280° G. 
tor twenty minutes, until the acid value is reduced to 5 or 10 ; 3 lb. 

[)f quieldimc are then incoiporated to complete neutrality. Heating 
may he done in vacmi at 10 mm. to remove the water formed in the 
r(‘action, or by using a still-head the watei' with the excess of glycerine 
may be distilled off. The end of th« reaction can be determined 
by treatment of the ethereal solution uith soda, which ought to 
give no water-solidde extract. If the hardnes.s is to be increased, 
it is ailvisable during the last stages of Imating to add linseed oil, 
whereby the mass acquires a st outer consisteniiy. Lead or manganese 
oxides may ixi adder! at the end of the process, so as to provide the 
necessary driers.'. 

The redurition in the acidity varies with th(! conditions of 
manufacture (tomperature, time of heating, and amount of glycerine). 
The acidity of the original rosin may bo reduced from 134 (sweated 
rosin) to 3. A hard ester-gum can be obtained by melting rosin •• 
with 10])er of cent Congo copal, cooling to 550° E., adding 12 per cent 
glycerine, and heating to 5.55° If an aluminium ve.ssel be used 
instead of a copper the percentage of Congo copal, which can be . 
esterified with rosm, can Ik; raised from 10 jx;r cent to 75 per cent. 

It would appear as if cooper acted as a polymerising catalyst, causing 
the mixture to set and preventing the form<ition of glycerides. 
The esters are slightly soluble in alcohol, soluble in turpentine, 
linseed oil, ether, and petrol. , 

1 The advantages *of tl*" esters are good colour and chemical 
neutrality.) They yield varnish mixings Which can lx: made up 
with acid colours without cassing “ livering,” and moreover their 
resistance to the action of weathering agents makes them superior 
M regards lustre to copal or rosin varnishes.* ’t In Circular 101, 
Paint Manufacturers' Association, V.A.A., 1920, is described the 
manufacture of a substantially neutral glycerine rosin ester, with 
the aid of tung oil as esterifying catalyst, named “ Tunga-resin.” 

• After a couple of years’ exposure the films show fine cracks typical of 
rosm varnishes. 
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In the same communication there is a summary of the patents 
relating to the preparation of ester gums. 

According to Gardner, limed rosin does not combine freely 
with glycerol, but his statement that rosin and glycerine alone dc 
not combine freely is not in keeping with the experience of other 
workers, nor that glycerine combines more readily with rosin in 
the presence of tung oil if lime be added in the form of a soap of 
that oil. It is difficult to agree with the view that lime tungates 
formed stimulate the ester formation or act as oataly.sts. H. Wolff 
recommends neutralisation of one-tenth of the acidity of the rosm 
by lime, with the addition of the calculated quantity of glycerine 
for the remaining acidity, and heating in vacuo to 3(K)° C. If 
the product be too soft, part of the c.ster can Ix; driven off by 
distillation. 

. Gardner “ give.s a tabk^ showing the variation in solubility 
of the esters with the acid values : 


Rosin 

A fit) 
Value. 

Colour. 

8o!ubilit> in Almhol. 

No. 1 

1589 

V erv palo , 

Soluble in cold alcohol 

No. 2 

119-6 

Light colour, opaque 

but cloudy partial solution 

No. 3 

27-4 

Medium, opaque 

Dark in colour 

No. 4 

22-3 

Modiurn, pale 

Unaffected by alcohol 

No. 5 

17-2 

No. B 

8-18 

\'ery palo, slightly cloudy 
L ark brown, very liard 

Softouod, hut not diniitolved 

No. 7 

16 

Unaffected 


The properties of ester gums have been investigated by iaiis 
and Rabinovitz,** wdth special consideration for preventing livering 
of the vehicle in the presence of pigiricnts. This paper is of interest 
in giving a summary of the published work to date. Rosicki ™ 
considers that the reduction in acidity of the resins is a necessary 
condition, whereas Muehle^" is of opinion that the coagulation 
(livering) is due to association of copal particles rather than to 
the formation of insoluble salts, because he was unable to produce 
varnishes from Congo and Manila copals which would stand the 
addition of pigments after previous esterification or reduction in 
the acid valul. Meguele considers there is ‘truth in both views, 
and the verdict of practksal experience will support him. • 

It mngt be pointed out that varnishes containing rosin glycerides 
will not show the rosin coloration in the Liebermann-Storch reaction 
(g.t!.). Instead of a fugitive purple coloration a fugitive rose-red 
colour is obtained. * 

' Ro^ Oil.—When rosin is submitted fo the action of heat, 
as is. done on a large scale in stills holding many tons, the products 
oohsist of water, combustible gases, and a series of oils of increasing 
gravity and viscosity as the distillation proceeds. The heating 
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may be by direct fire or by superheated steam. The conditions of 
distillation modify the proportions of the products. The products 
consist of— 


Gns, ])or cont 
Acid M'atcr, per cont 

Kosin spirit, ])or coat 
Kosin oil, per cent 
Pitch, per cont 



Dry DWillation. 

Fire Heat and Siijicr* 


n-4 



2*.') (containing 10 per cent 
acetic acid) 



31 

1.0-0 


8.5-1 

640 


3-!t 



The rajadity of the distillation has an effect on the proportion 
of the products. Hard rosin oil (s.g. 0-9946-()yi)82, 18-31 per cent 
rosin acids) is produced when the distillation is conducted rapidly 
and during the first stages of distillation, whilst soft rosin oil 
(s.g. 0 !»878, i)-2 per cent rosin acids) is produced when the process 
is conduet<‘d slowly, and especially during the middle period of 
the distillation (Lewkowitsch). The light oil which comes over 
below 2(K)° C. is termed rosin spirit. The heavier oils, which 
vary from pale yellow to deep browm, constitute rosin oil and 
form the greater bulk of the distillate. They usually show a 
blue or green fluorescence. The gas is of value for illuminating 
purposes, and from the acid water calcium acetate is prepared. 
The, properties of rosin pitch will he referred to under Pitches. 
In Prance the addition of lime to the rosin causes an alteration 
in the composition of the products. Jfor the paint and varnish 
industry the demand for rosin oil is insignificant compared with 
its use as a lubricant. A summary of the manufacture of rosin 
nils and their uses has been given by McG. Shuey.“ The direct « 
distillation of American rosin (B grade) by sujierheated steam 
nr by direct fire gives (1) water; (2) rosin spirit, s.g. 0'93-0-94, 
straw coloured, 1 per cent yield ; (3) thin oil, s.g. 0-98, 6 per cent 
yield ; (4) first run oil (kidney), s.g. l-OOS-l'Ol, containing 44 per 
sent of abiotic acid (kidney oil distils over at 200“ C. and always 
shows a brownish shade on standing, and the yield is 70 per cent); 
(5) bloom oil distils over at 360“ C. and its colour is amber to almost 
black, with a yield of 6 per cent and containing 14-Hi per cont of 
rosin acid. As soon'as the bloom oil begins to distil, the heating 
is stopped, otherwise the rosin pitch would begin to coke. 

The rosin oil is purified by eemoval of the rosin acids by«alkalios. 
Renard“ isolated from rosin oil a hydrocarbon, diterebenthyle, 
(b.p. 343“-346“ C.). Kramer, and,Spilker“ by distillation 
of rosin oil under pressure isolated cymene, methyl cymene, 
phenanthrene (CijHip), • and methyl phenanthrene. Virtanen“ 
prepared a series of hydrogenised retenes, and after eomparing 
them with the hydrocarbons of rosin oil, concluded that all resin 
adds contain a hydrogenised reten^nueleus. There is now practical 
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unanimity upon that conclusion, but there is still disagreement 
as to the position of the side gi'oiips. In the meantime the differ¬ 
ences in the. relative positions of the methyl and isopropyl groups 
may accoudt for the isomerism in the resin acids.** Rosin oil 
onsists essentially of a mixture of hydrocarbons of the hydrogenised 
retene type, togcithcr with those decomposition products of a 
benzenoid character’, which would result from a cracking process 
as the higher temjieraturcs of distillation are reached. 

Rosin oil has the greatest power for ]>enetrating paper of any 
known oil, a property to which it owes largely its extensive use 
in the manufacture of printing ink and of electric, cables. It is 
a poor conductor of heat and electricity. 

Paper-wrapped electric cables are soaked in rosin oil, because 
of its high jienetrating power and low electric conductivity. 

The better cpialities of rosin oil have no drying properties and 
the crude varieties are generally feeble in that respect, although 
Shuey {lac. cit.) statt's that the capacity of ro,sin oil for absorbing 
oxygen gives rise to drying qualities which make it useful in 
varnishes ; a statement which inu.st be qualified. 

Rosin oil differs from* mineral oil in a number of (baractoristic 
properties, so that its estimation in mixtures of the two substances 
rests on its higher sjiecilic gravity, greatiu' solubility in aliiohol, 
acetone, and glacial acetic, and higher refractive index. The 
estimation of rosin oil de])ends generally on its acidity, due to the 
resin acids which distil over with the oil ((!. E. Soane, he. cit. ]). 138). 
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CHAPTEK IX 


JAPAN LAC AND SYNTHETIC RESINS 

Japan Lao and Burma Black Varnish .—Japan Lac .-—There are 
two genera of plants, belonging to the natural order Anacardiacese, 
eontaining species which on being tapped yield a sap largely used 
in the East as a natural varnish or lacquer ; these are Rhus, which 
yields Japanese lacquer, and Melanorrhoea, which furnishes the 
black varnish of Burma. 

The Japan or Chinese lacquer is characterised by (1) hardness, 
which increases with age ; (2) lustre, which is retained under 
varying atmospheric influenoos ; and (3) resistance to the usual 
agencies which attack varnishes.' 

The tree which yields Japanese and Chinese lacquer is Mhus 
vemicifera (Tsi-chou, varnish tree). It is found in woods at an 
elevation of 4000 ft. and cultivated along the margins of fields 
or in valley bottoms. The tree reaches a height of about 10 metres 
with a diameter of 0-40 m. The tapping of the tree resembles 
that of Pinus for turpentine oleoresin. In China the collection 
is made in June or early July; gashes are made in the trunk and 
the juice is collected in shell-shaped iron plates. The plates are 
’cleaned out by the moistened finger into a bamboo pail carried by 
the collector. The contents of the pail are placed in a barrel and 
covered with hemp paper. Each tree is tapped seven times in one 
year at intervals of seven days, and left for five to seven years to 
recover.* 'The vapours disengaged from the lac axe said to pro¬ 
duce very painful boils, which, however, do not cause death. Large 
quantities of the vaiyiish pass annually through the port of Hankow. 
In 1908, 2,479,702 lb. were exported, the bulk of which went to 
Japan. The^e are three kinds of Japan lac, viz. Ro-iro (best), 
Hana (medium), Se-shi (inferior). The Vaw varnish, which is fre¬ 
quently adulterated wiEi tung and perilla oils, is known in Japan 
as Ki-urushi. 

tWhen freshly collected the sap is of a grey-brown colour and 
a viscid consistency, turmng r,pddish black on exposure to the air 
and becoming coated with a thick tough skin. All the varieties 

• An acre will support a thousand or twelve Htmdred trees and may pro- 
duo* from four to ten gallons of varnish in ten years (Sabin). A large tree is 
estimated to produce 90 grammes, while a small tree produces only 56 grammes 
' of the gam {Joum. Soe. them. Ind., 1010, SB, 1320). 

(so 



JAPAN LAC AND SYNTHETIC RESINS 161 

Df varnish contain water, which is made to disappear by stftving 
ur on exposure to the sun. 

To imitate the blaek varnishes of Japan, the Chinese add oil 
of tea boiled with grey and red arsenic and incorporated with 
bone black. Sabin (loc. cit.) gives a translation of a memoir by 
DTnoarville (1735) on the mode of collection and application 
of the lac, wliich is an important addition to the knowledge on the 
subject. The French Jesuit missionarj' claimed no knowledge of 
varnish in general, and simply records his observations of a process 
which had been kept secret for centuries. A more detailed account 
is given by J.. J. Quinn,^ and a concise account of the Chinese and 
Japanese lacquer manufacture will be found in the Bulletin of the 
Imperial Institute,^ and in Stewart Dick’s Arts and Crafts of Old 
Japan? The only method of thinning the lacquer is said to be 
by the addition of (iainphor, but it is easily soluble in oyclohexanol. 
The {xiculiarity of the varnish is that it hardens onlj' in a moist 
atmosphere, and remains in a tacky condition if exposed to sunlight 
and heat. In Pekin, w’here the air is very dry, it is necessary to 
expose the lacciuered work in a humid place surrounded with 
matting which is kept damp, otherwise the varnish will not dry; 
or the varnished articles must be surrounded by soft damp linen 
(Coffignier). The proceedings in J^ipan are similar to those in 
China, from w'hich they are originally derived. Oxygen to 5-75 
per cent by weight is absorbed in the drying at the ordinary tem¬ 
perature. Whether the catalyst is a ferment (laccase), or whether 
the activity is due to the presence of manganese with a proteid 
substance, is undecided. It is stated that if the lac acid be extracted 
with alcohol it will not dry in the absence of a nitrogenous enzyme. 
If the lac be heated above 60° C. the drying of the lacquer is in¬ 
hibited. It is also stated that the proteid acts as a ferment upon 
the lac acid, causing the latter to become oxidised and hard. The 
oxidised lac aciil is insoluble in all the solvents of the original laq^ 
and is unacted on by acids, except by hot concentrated nitric acid, 
and alkalies. The ordinary oil driers hasten the setting and harden¬ 
ing, which are retarded by acids, alkalies, and certain metallic salts. 
The lac dries better in winter than in summer; nevertheless, it 
can be stoved at 100° C., or more rapidly at 160°-180° C., with the 
formation of a hard, dimable, resisting film. It darkens at high 
temperatures, so that for clear lacquers the ^mperature must not 
exceed 120° C., and for dark lacquers, 180° C. 

(The applieation^f th*lacquer is said to be danget-ous to western 
workers owing to the pec uliar poisonous properties of the urushiol 
in the resin, but recent experience has shown that these Jiave been 
much exaggerated. No doubt further investigations will render 
the lac more popular on account of its great weather-resisting 
properties. For aeroplane propellers It is the best coating for 
durability as yet knovjn. It is stated that turpentine can be used 
to thin the varnish and, if the film is not too thick, it will dry under 
ordinary conditions, but moisture facilitates the hardening.' 

(The resin has bwn thbroughljr examined! by Japanese chemists. 
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ospemlly Yoshida and Majiina, the latter having effected a synthesis 
of hydrourushiol dimethyl ester obtained from urushiol, the chief 
constituent of Japan lac. 

Lae of the first quality has the following composition : ITrushic 
acid, 85-15 ; gum arabic, 3-16; nitrogenou.s material, 3-28 ; 
water and volatile matter, 9-42. 

Uriishic acid is soluble in alcohol, ether, chloroform, etc. 
Tschirch and Stevens ^ showed that the uriusliic acid of Yoshida 
is a phenolic substance. The yield of this acid is (iO-80 per cent, 
depending on the locality. Urushie acid is now called urushiol, 
which is the active principle of Japan lac. On,reduction by 
hydrogen and platinum, uru.shiol gives hydrouru.shior 

(C.jiH 3802 ), and it also yields (on heating to SfiO" ('.} pyrocatcchin. 
On oxidation by potassium prmanganate it gives oxalic- and 


palmitic acids. 



OH; 1 

OH: 1 

OH 

/ 

/ 

/' 

C-sHs-OH : 2 

(leHj- OH : 2 

O. 0 H 3 OH 

^'16^27 : J- 

\ 

\ 

^15^31: 3. 


Urushiol. 

Hyilroiinisifiol. 

Isiiliyflrourusliifil. 


Majima and Tahara '’ consifler urushiol, containing 10 per cent of 
hydrourushiol, to be the principal constituent of lac and have synthes¬ 
ised hydrourushiol dimethyl ester from sodium dodecinc and 2 : 3 
dimethoxyphenydpropionyi chloride, with subsequent reduction : 

=C(CH,),CH5 (CH,()),(’,HJCJrjjCOCl - ((3 TjO),C,H 5((-’» JJ-'l )C W (;(CH,),(;Ha + N 

I 

'I' 

->(CH3O),c.H3(ch3)3c;h3CH3C!Hj(0H3),ch,. 

2: 3 diinethoxy-n-]X>ntadecylben-cene. 

3 ; 4 dihydroxy-/-pentadecyl benzene was also synthesised and found 
to be identical with isohydrourushiol, which had been obtained by 
Majima and Nakamura by heating pentadecanic acid with pyro- 
catechin and reducing the ketone formed, whereby isohydrourushiol 
(m.p. 91° C.) was jiroduced. 

Urushiol is a mixture of compounds which differ from oije another 
in the number and fn the position of the double bonds present in 
the long normal carbon chain. In this respect it exhibits a close 
similarity to Urying oils. These compqnents< are converted into 
the same hydrourushiol.. One compound, tl,H 3 (OH) 2 (OHj),CH : CH 
(CHjjsCH,, gives on oxidation an acid, f! 5 H 3 (OH) 2 (CH 2 ),COOH, and 
heptanal, whilst another, C,H3(0H)2(C!H2)7C1I; ^(CHjhCH : CHj, 
gives formic acid and the same acid as from the preceding compound.* - 

Bwrma Black Varnish. —TSie Burma black varnish (thitsi) is 
an oleoresin obtained from the black varnish tree, Melanc/rrhcm 
nsitata. The trees are tapped and the propeities of the oleoresin 

• The main constituent of Indo-Chinese lac (laccol) has the constitution 
.C,H,(OI«,{CH,),'CH;C»(CH,),-CH3 (1:2; 3).*' 
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are similar to those of the lac obtained from rhus, although slower 
in drying.® Thitsi contains thitsiol, CjHgfOHljC^Hjj (1:2:4), 
which is an unsaturated substance, reducible to hydrothitsiol (4-n- 
hcptadceylcatcchol).^ It i.s not present in thitsi i» such large 
amount as is iirushiol in Japan or Indo-(ihina lac.’ 


Synthetic Rksins 


Phenol-formaldehyde Resins.—When phenols and formaldehyde 
(formalin) arejieated in tlm i)re.sence of condensing agents, substances 
ar(‘ ohiaincfl which in ap|«‘aranee and in properties resemble varnish 
resins. The condensing agent may b(' an acid, an alkali, or ammonia. 
The investigation of these .substances has been (leveloiied by 
Daekeland" and his collaborators. The chief representative of this 
cla.ss is Bakelite, which is manufactured in a number of forms, 
each with imjjortant projxTties. 

Bakelite. - An account of Bakelite and its applications is given 
by Tjebaeh.* The so-called Bakelite varnishes are solutions of 
Bakelite A in methylated sjiirit. ,' The \'arnishcs when stoved give 
hard insoluble and infu.sihle coatings of high chemical and mechanical 
resistance. Ntoxorl Bakelib' lacrpipi’ films resist the action of 
methylated s])irit, ammonia, and salt'water; moreover, they are 
acid-}iroof.' If fluid Bakelite A (ivsol) is heated for several hours 
at a temperaiuri' of 140"-170" t’. and nndei' a pre.ssm '0 of 10 atmo¬ 
spheres, it is traii.sformed into transparent insoluble and infusible 
resite, (lenerally a filling material is used which is impregnated 
with the fused resol, forming a plastic mixture, and completely 
fills the mould in the press. At a temperature of 100°-200° C. the 
resol is eh.inged to Bakelite C (resite). Uesitc is non-hygroscopic, 
and is one of the most resistant of all plastics. It can be heated 
to 300° C. without decomjjosition, and at higher temperatures it 
chars, but does not ignite. It is an excellent di-electric, and i^ 
suitable for ]]eij and jamcil holders, umbrella handles, cigar holders, 
etc. The action of an aldehyde on a phenol is primarily according 
to the scheme 


HCHO -I 2C,H50H = HjjtXCeHiOHlj -t H^O. 

Wohl ® considers the resites to be polyjnerisation products of 
the methylene d^dvatives of a tautomeric phenol. 


CHjCHs( 


,,CH = CH . 

/ >C = 0. 

CH = CH'^ 


Herzog and Kreidel attribute l:he capacity to polymerise to the 
presence of the resinojihone group CH: CH • CO. 

Coster van Voorhout has supplied more definite information 
M to the course of reaction between phenol and formaldehyde. 
He followed up the vis6osity changes occUrring during Hie con- 
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dens&tion, and has isolated products from the reaction mixtiu«. 
He was able to separate crystalline ortho- and para-oxybcnzyl 
alcohol when an alkaline catalyst was used, and detected the 
presence of' dioxydiphenylmethane when the condensation was 
initiated by acids. His conclusion.s as to the composition of 
Bakelite are that it consists most probably of a mixture of dioxy¬ 
diphenylmethane, probably polymerised, with traces of phenol and 
formaldehyde, in accordance with the siinple reaction shown above. 
Progress in the manufacture of phenolic condensation products has 
been prinoij)ally in the dii'ection of knowledge of the conditions of 
reaction to the attainment of specific properties in tho final product. ^ 
Thus, solubility to the point of obtaining alcohol- and oil-soluble 
resins is claimed to be obtained by restriction of the reacting phenol 
to o-oresol ; 7n-cresol is said to be more suitable for the preparation 
of spirit-soluble resins, and moreover it reacts more easily with 
formaldehyde. For oil-soluble products p-cresol is recomraendedi 
(To effect the condensation three classes of catalysts are em¬ 
ployed : acids, ammonia, and caustic alkalies, and consideration 
must be taken of the proportions of phenol and formaldehyde U 8 ed< 
If ammonia be used >«itli formaldehyde, hexamethylenetetramine 
is first formed, which reacts with phenol in the proportion of 3 mols. 
phenol to 1 mol. hexamethylenetetramine (CH 2 ) 8 N 4 , to produce 
a well-defined crystalline product ( 08 H] 2 N 43 C,H 50 fi).“ Under the 
action of heat this product undergoes decomposition, probably 
according to Voorhout’s scheme, and resinifies with the evolution 
of ammonia.® m-cresol yields a diphe.nol substance, C 5 HJ 2 N 42 CJH 4 
(CHslOH; o-oresol yields a monophcnol. Resorcinol reacts similarly. 

N 

CHj cilj CH2 

. I I I (hexamethylenetetramine) 

N—CHj—N—CHj-^ 

C'lir 

Harvey and Baekeland do not consider that this formula is 
properly represented to account for the above compounds. Instead 
of ammonia, the amfnonium salt of a volatile acid or amine (fatty 
or aromatic) may be used. Instead of an alkali or alkaline,carbonate 
sodium sulphate can be employed. W. Eschcondenses phenols 
or o- and w-cresols or their derivatives w»th an*aqueous solution of 
an aldehyde in the presence of benzoates or salicylates as cat&lyBt 8 .,> 
\Satow»and .Sekine “ state that the* solubility, fusibility, and the 
chemical and physical resistance of the condensation products are 
proportional to the degree^of condensation, and that the oil-soluble ' 
condensation products from phenol and formaldehyde pve distinctive 
colour reactions with many salts, whereby, it was found that the 
nature of the condensation product varies with the catalyst (acid, 
ammoqja, and caustic, alkali). .>The patents for the preparation of 
these fifins are very numerous, |md a summary of them appears 
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in the Annual Reports of the Society of Chemical Industry. 'Rhgg “ 
considers that their high price will prevent their employment on 
a large scale, but for special uses the superior pro[)erti§s will permit 
of their application. He classifies the formaldehydfc resins into 
four classes : 

(1) Insoluble in the usual solvents and infusible (Bakclite and 
resites). 

(2) Soluble in certain solvents, but giving a lacquer which must 
be stoved to give a durable coating (Bakelite A and B). 

(3) Rosinites soluble in alcohol and giving usable varnishes 
without stoving; e.g. Issolin. 

(4) Rtssins soluble in fatty oils and other solvents—Allxsrtols 
(Albert and Behrend).'® 

Class Nd. 4 is of especial interest, and the use is only restricted 
by the high cost compared with that of the natural oil-soluble 
resins. 

As a lacquer substitute the Bakelite A type has become popular, 
and gives a coating of l^igh lustre and good colour. Colourless 
transparent synthetic lacquers have not as yet been obtained of 
the same durability and lustre as the gold srtoving varieties.* 

H. Wolff ” points out that with solvents employed in solutions 
of synthetic resins the increased viscosity arising on addition of 
non-solvents induces a change from molecular to colloidal solution, 
and even to gel formation. He suggests that the persistent softness 
of residual films resulting from exposure of resin solutions is to be 
accounted for by the selective evaporation of the true solvent. 
This would not occur in varnishes containing turpentine, because 
the slightly loss volatile turps is the best solvent; but in a blend 
of xylol and petroleum the concentration of the less volatile solvent 
would increase on drying and favour gel formation and softness of 
the film. This will bo referred to under Turpentine Substitutes, 
and is a point wliich is very often overlooked. Beckmann and, 
Dehn“ describe a series or re.sins, sitnilar to Bakelite, in which 
furfural aldehyde takes the place of formaldehyde or benzaldehyde.‘*i 

Cumarone Resins.—A new class of artificial resins, the cumarono 
resins, has attracted attention lately. They are polymerisation 
products of cumarone and indeno, obtained from coal-tar naphtha 
distilling between 160° and 186° 0., by the actipn of sulphuric acid.®* 
The details of the preparation of cumarone and indene resins by 
polymerisation me given by Barrett.^ Maroussqp'^ notes the 
greater solubility df cumarone resins in solvents, and generally 
the lower melting jxrint, temperature, and Jowor acid, saponification, 
and iodine values than the natural resins. t 

The polymerisation may be effected by aluminium chloride 
at 20° C.; the lower the temperature of polymerisation, the higher 
the melting point and the lighter fire colour of the polymerisation 
products. , 

E. Stem found that zinc chloride and silicon tetrachloride 
did not induce polymerisation, but that stannic chloride had a 
pronounced effect. The action qf aluminiuAi chloride waalfQt due 
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to the liberation of hydrochloric acid. The cuinarone resin is 
easily soluble in benzoic and its hoitiologues, but is insoluble in 
methylated fipirit. The films are surprisingly water-resisting, but 
they have ndt the fine lustre of the Bak('litc resins on stoving. They 
arc, however, superior to them in resisting atmospheric influences, 
and in that respt'ct are much better thf^ .shellac coatings. At 
present their high price restricts the use of the resin except for 
special purposes. Irately there has been improvement in their 
manufacture, as the earlier varnishes gav(' tacky films'and, although 
hardened by the%ddition of para-indenc, their durability was poor. 

E. Gla.ser ^ states that eutnarone resin is produced froin the, 
residues remaining from the careful distillation of light benzole, heavy 
benzole, and carbolic oil (tar oil fractions, b.p. 160"-2()()° C.), after 
these have bc'cn freed from pyridine ba.ses and i)henols by wa.shing 
with a carefully regulated quantity of (ioncenlrated sulphuric acid, 
avoiding excess. It is c.ssential to obtain a thoroughly intimate 
admixture of the acid and the oil. Eor this purpose mechanical 
agitation has largely dis2ilaced air agitation, on account of the high 
benzole losses. The acid is add(!d in small quantities at a time, 
as this has been found to‘give betk'r results than by adding all the 
acid in one charge ; generally 5 jier cent by weight of suljAuric 
acid is added. Superheating during distillation should be avoided. 
The shrinkage in volume due to the absorption of unsaturated 
compounds by sulphuric acid may amount to 12 per cent in inferior 
oils, and is generally about 8 per (icnt. Two parts solid rosin are 
furnished by 10(K) parts of tar. 

Indene (Kraemer and Spilker, 18!K)) is found in the crude benzole 
fraction (b.p. 170°-182° 0.). 

Sulphuric acid converts cumarone into para-cumarone and 
indene into jjara-indene, three polynierides being known. With 
concentrated sulphuric acid a polymerido (m.p. 21(1° C.) is ob¬ 
tained which dissolves in ether with difficulty. With weak sulphuric 
acid a polyiiteride (m.p. 100° Ck) is obtained which is easily soluble 
in ether. It is the jjresenet! of this modification which is the cause 
>f){ the low melting point of many cumarone resins. Cumarone is a 
(colourless liquid (b.p. 172° C., s.g. 1-096) and is polymerisable. 
Para-cumarone (m.p. 107°-108° C., m.w. 473, (CjH50)4), has two 
modifications, one sqluble and the other insoluble in benzole. 


* *CH 

C,H4(‘^ • "^CH, Cumarone. 


,h/“v 


CH, Indene. 


Prom its.formula it is suggestive of 4he resencs referred to under 
the copals ; moreover, the inactivity of cumarone is worthy of 
more consWeration. , ^ 

R. Fischer^® compares the prices in Germany of cumarone 
resins with American and French rosin : , 

100 kilos cumarone resin cost 260 marks. 


100 kilos American rosin cost 386-460 marks. 
100 kilos French risin cost 320-490 m'arks. 
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Tht^ production of cumarone resin in Germany in 1917 amounted 
to 11,000 tons.2''^ 

\Duroprene the chlorination of rubber a solid 

resin is obtained, soluble in benzol, coal-tar naphtha, cWbon tetra¬ 
chloride, and trichlorethylene. The ordinary Duroprene varnish 
is a 10 per cent solution of the resin in benzol and solvent naphtha. 
The varnish film is unacted on by alkalies and acids, alcohol, ether, 
petrol, and ))arafiin oils. The advantage's claimed for it by the 
Unit(*{l Alkali Co. demand careful consideration in view of its 
valuables protecting properties, impernu^ability im water, and the 
^palc cokmr outlie varnish film. It would seem to Ix) superior to 
many spirit varnishes, but the lilm of the ivsin lacks the elasticity 
given by an oil varrii.sh. 
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BITUMINOUS SUBSTANCJSS 

Varieties of Bituminous Substances.—It is difficult to give strict 
definitions of tiic various bituminous substances used in industry. 
The terms “ bitumen,” “ asphalt,” “ tar,” “ pitch,” ” resin,” and 
“ wax ” overlap in their meaning, which thus becomes indefinite. 

The term bitumen is considered by Langton * to be generic, 
denoting a class of substances soluble in carbon disulphide and 
other neutral liquids, and' consisting of compounds of carbon and 
hydrogen, associated frequently with compounds of oxygen, sulphur, 
and nitrogen. Asphalt is regarded as mmeral matter containing 
bitumen in intimate association. Bitumens may be classed accord¬ 
ing to origin, natural or mineral, artificial or pyrogenous. The 
mineral pitches comprise bitumen (Sanskrit-Latin equivalent 
gwituman, pertaining to pitch) or asphaltuin («iri/.i»A>)v, stable; 
French anphalte ; Spanish asfalto ; German Erdpecli). The pyro¬ 
genous pitches are produced by the distillation or destructive dis¬ 
tillation of carbonaceous material, either in closed vessels or by 
blowing in air during the distillation. They appear in the form 
of petroleum pitch (the residual pitches produced in the distillation 
i)f'asphaltic and non-asphaltic petroleums), coal-tar pitch, resin 
pitch (from the destructive distillation of resinous woods and resin^ 
e.g. Stockholm pitch and rosin pitch), stearine pitch (from vegetable 
and marine oils), wool grease pitch (from wool fat), and bone pitch 
(from the destructive distillation of bone-oil). 

Colour, consistency, hardness, lustre, fracture, volatility, odour, 
feel, and fusibility, as well as solubility in special solvents, are 
their most important physical cliaracteristics, distinguishing the 
members of the different classes of pitches or bituminous substances. 
The differences in chemical compositionj* thoii^h varied, are not 
of such decided importance from an industrial standpoint as' the 
physical pioperties mentioned above, t 

In the table on following page the generic term bitumen includes 
petroleum pitches, native asphalts, native mineral waxes, and asphal- 
tites. Asphalt includes native and pyrogenous asphalts. Native 
asphalts are often associated with a substantial proportion of mineral 
matter., Pyrogenous asphalts include the residues obtained from the 
distillation, with or without air-blowing, of petroleums. The asphal- 
(Stes include gilsonite or^ glance pitcli and gfahamite, whilst the pyro- 
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biturfiinouB asphaltites ineludo irapsonito and elaterite. Pitch 
comprises the residues from the distillation of tars (oil-gas-tar pitch, 
water-gas-tar pitch, bone-tar pitch, wood-tar pilch, coal-tar pitch, 
producer-ga?f-coal-tar pitch, and oth(ir coal-tar pitc^hcs, as well as 
pitches produced on distillation of fusible organic substances), 
the process having been terminated before the formation of coke, 
e.g. rosin pitch and stearine pitch. Only those pitches which are 
used in the varni.sh industry will be treated in detail, so that the 
description of the classes of bituminous .substances will be very 
restricted. 

Before 1902 the term asphalt was confined aliimst exclusively 
to certain .semi-.solid or solid bitumens found in natural deposits, 
most of which occurred in admixture with clay or sand, which 
could not bt' removed by ordinary refining methods. When the 
mineral matter iircdominated the product was termed asjhaltic 
sand or rock asphalt, dep(!nding u))on whether or not the mineral 
structure was loosely or firmly knit together. The Eurojasan rock 
asphalts contain less than 1.5 ])er cent of bitumen, whereas rertned 
Trinidad asphalt (Manjak) has 56-5 jter cent, so that until 1892 
Trinidad asphalt was so generally used that the term asphalt was 
applied to that coming from Trinidad. In 1892 a relatively pure 
asphalt occurring in Venezwla (Bermudez Lake Asjhalt) was 
brought into the market, and tlu' imjairt into the United States 
is now nearly ecjual in tonnage to that of the Trinidad asphalt. 
Comparatively small deposits of a.splialtic sand and rock asphalt 
have been found in the United States, e.g. gilsonite (1 ■ tab), grahamite 
(Oklahoma), and wurtzelite, and have been u.sed for asphaltic 
specialities, of which black japams an.! the most important; but 
(as will be seen later) the demand is small compared with the 
requirements of the two main asphalt industries, ])aving and 
roofing. 

Before describing bitumens and pitches in detail, it is advisable 
to indicate briefly the chemical composition of the former class, 
with the object of tracing connection between chemical composition 
and physical properties. The bitumens are essentially hydro¬ 
carbons containing small and variable amounts of oxygen, sulphur, 
and nitrogen, but tlie hydrocarbon character is the dominant 
feature. The hydroj;arbons )nay be paraffins of the C„Hj„+2 series, 
the gaseous members of which accompany the liquid forms in 
Pennsylvania petroleum, and the solid members (('24H55 and upwards) 
are found in ozokerite and paraffin wax. < *• 

The members of thet.olefine .series (C,.H2„) and acetylene 'Series 
(CiiHji, .2)(>of the open chain hydrocarbons arc not present to any 
appreciable extent in bitumens, tars, or pitches (ef. gilsonite). 

The cyclic saturated hydrocarbons (GnHj,,) occur largely in 
Russian (Baku) petroleum! in asphaltic petroleum (Ohio, California, 
Canad a, and Colombia), and in Borneo petroleum. The first member 

/CHj 

Of the series is a gas (b.p, - 35° C.), viz. trimethyleno CHj^ I 
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whereas oyclononane 


;)cH, 


(b.p. ]71"C.), which will give an idea as to the variation*m volatility 
with change in molecular weight. 

\ The cyelio unsaturated hydrocarbons mav be represented by 

\ /CHj—OH ' 

monoeyclie cyelopentonc CHj || , which occurs largely 


.CH,—OH 

/ ' II 


which occurs largely 


in Texas oils and in certain asphalts. A polycyclic saturated hydro- 
t^H^—CH—(!H—CHj, 

tarbontricyolodoeaneCHoQ | | V!H2(m.p.9°C.), 

^('Ha-CFI—CH—OH/ 

a polymer of the above, is found in Texas, CJalifornian, and Ohio 
petroleums. 

'J’he coal tars are es,sentially aromatic bodies of the 
seri<!s, will) tlie attendant hjdroearbons of the naphthalene and 
anthracene serie.s, together with phenols. 

With reference to the varieties containing oxy^gen, sulphur, and 
nitrogen, nothing is known. Ammonia and pyridine are obtained 
by destructive distillation, but how they originated is unknown. 
The com])OBition of petrohuims and tars has been extimsively 
investigated, but comparatively little is known regarding the 
chemical eoni|iositi()n of asphalts and coals. No two petroleums 
are alike in composition, and the same applies to asphalts, tars, 
and pitches. The simider volatile and degradation products lend 
themselves to comparatively easy investigation. 

The percentage of carbon varies Ix'tween 84 and 94, whilst the 
hydrogen pereentage lies between 8 and 15 (U.Hj,, series of hydro¬ 
carbons contain 85’7 ]ier cent carbon and 14-3 per cent hydrogen).* 

Asphalts. —With native asphalts associated with mimiral matter 
the varnish maker is not concerned, so that mere mention of a few 


well-known asjihalts of historical and general importance will be 
sufficient. The asphalts of Mesopotamia, containing 25 per cent 
of bitumen and 71 per cent of mineral matter, were used as early 
as 3000 B.O., and the .asphalt of Hit is of similar antiquity. Trinidad 
asphalt contains 55 ].kt cent of bitumen, 35-5 per cent of mineral 
matter, and 9-10 ix-r cent of water of hydrat,fon. Val de Travers 
asphalt (Swiss) was lirst worked in 1/12, and contains 10 per cent 
of bitumen. Syrian .asphalt contains 25 per cent of bitumen. 
Oklahoma (U.S.A.) URphalJ contains 12 per cent oT bitumen in 
sand. The refining of the above for speoigJ purposes is generally 
too expensive, and for vamjsh-making purposes freedom from 
mineral matter is of special imjmrtance. 

The estimated annual consumption of asphalt for roofing in 
1921 was 625,000 tons; for paving, ‘669,900 tons; for waterproof¬ 
ing, flooring; insulating compounds, and varnishes, 144,000 tons.® 
i^rmudez asphalt (Venezuela) was first obtained in 1891 from a 
pitch lake similar to the famous Trinidad asphalt lake, although 
it was mentioned by Sii' Wdter Raleigh in hfe book Discoveries of 
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Ouiana, 1595. It constitutes one of the largest deposits of pttre 
asphalt, containing mineral matter up to 6| per cent. For varnish 
making its hardness does not equal that of the more popular 
asphaltites '■ 

Trinidad manjak i.s obtained from two mines .situated about ten 
miles from the famous asphalt lake. It is almost ptire bitumen, 
like coal in appearance, hard, brittle, and odourless. The manjak 
is found in long seams l)etween layers of clay, and is mined down 
to a .37-ft. seam at a 400-ft. level. The e.xport of enich^ manjak 
is not profitable, but by eompounding it with mineral oil the 
special preparations can be sold at a jirofit. It is boiled locally 
with oils at high temperatures and made into ru.st-])reventative 
coatings of all kinds for boikTs, jujie lines, etc., which are most 
effective in hot and danq) climates. It often closely resembles llai'- 
bados glance pitch and gilsonite, according to the jiart of the vein 
from which the sample is taken. 

Abraham * groups the asphaltites into tlii’ce classes : gilsonite, 
glance pitch, and grahamik'. Simte all are presumably- derived from 
the metamorphosis of petroleum, the classes will merge into each 
other : 
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The percentages of fixed carbon are: gilsonite, 10-20; grahamite, 
30-35 ; glance pitch or manjak, 20-30 ; iimwonite, .50-85. 

The importance of the solubility in 88'" Be.naphtha (s.g. 0-642) will 
be referred to later under the Examination of Pitche.s. The harder 
the pitch, the smaller the percentage soluble in 88° Be. naphtha. 
The soluble portion contains jyetrolenes or malthenes, whereas the 
insoluble pbrtion eontaims asphaltenps. fioal-tar pitches are 
relatively insoluble in ^8° Be. naphtha. Marcusson * recognises the 
presence in natural asphalts of; |1) oily substances (saturated 
and unsaturated hydrocarbons): (2) petroleum re.sins, which form 
the first stages of conversion of the petroleum hydrocarbons into 
asphaltenes. They arc ■ brbwnish-black substances soluble in 
ptroleum spirit, chloroform,.and carbon disulphide : (3) asphaltenes, 
formed by the action of oxygen or sulphur on the resins or by 
intramolecular change of the resins themselves. They are completely 
solnbla in carbon disulphide, benzol, and chloroform, and contain 
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7-13 per cent of sulphur ; (4) asphaltogenio acids and their anhy¬ 
drides ; those are tar or resinous substances, soluble in chloroform 
or ethyl alcohol. The percentage of free carbon repres^ts a coking 
value, and is useful in differentiating asphaltites from asphaltic 
pyrobitumens and non-asphaltic pyrobitumens. The percentage of 
saturated hydrocarbons represents the part insoluble in fuming 
sulphuric acid.® 

(HUfynite.—This as])haltite occurs only in Utah in a number of 
parallel veins varying from fissures to several feet in thickness 
(18 ft. Cowboy Mine). Near the outcrop it loses its brilliant 
lustre, changing to a dull' black due to weathering. Along the 
Veins it shows a columnar structure extending at right angles to* 
the walls, which is characteristic, of asphaltites. The veins occur 
in sandstone and shale, so that gilsonitc impregnates the walls and 
the line of demarcation is indefinite. 

The methods of raining arc .simple,'and little timbering is required 
as the veins are nearly vertical with firm surrounding rock. Twenty 
thousand tons have been njined and shipped from the region, and 
it is estimated that 32 million tons are yet available. Utah gilsonite 
on distillation under reduced pressure yields members of the 
C„H 2 „ and C„H 2„-2 series resembling the hydrocarbons in petroleum; 
moreover, it contains the same nitrogen compounds as petroleum. 
There is evidence of gilsonite being of organic origin. Grahamite 
gives a series of hydrocarbon resembling those from gilsonite.’ 

Glance Pitch .—This asphaltite appears to be intermediate 
between the native asphalts and grahamite. There are several 
varieties from Mexico, Barbados, Colombia, Syria, and the Dead 
Sea. Only those from Barbados and Colombia are used in the 
manufacture of varnishes and j apans. In Barbados it was discovered 
in 1750 and has been worked since 1896. Near the surface Barbados 
manjak is»hard and brittle with a high fusion point, but at lower 
levels of the mine it is softer with a lower fusion point, and is more 
like an asphalt than an asphaltite. It contains ()-7-0-9 per cent 
sulphur and 1-2 jrer cent mineral matter. In the United States 
Barbados manjak holds a unique position in the manufacture of 
insulating varnishes and other high-grade, coatings. It carries 
three times as much oil or thinning medium as a similar weight of 
American gilsonite or Mexican bitumen.® The,Colombian variety 
contains 3-3 per cent mineral matter and has a fusion point of about 
275° F. 

There are large veJhs ofiasphalt at the bottom of the Dead Sea, 
and as it becomes detached from the bottom, presumably by earth 
movements, masses of asphalterise and float on the surfadfc of the 
lake, the water of which has the high specific gravity of 1 ’21. The 
supply is limited and the material is use^ omy to a small extent- 
locally. The deposit is merely of historical interest, as it formed 
one of the most important sources of supply for the ancients. 

Orahamite .—^This asphaltite is mined in Oklahoma, occurring 
in a fault or series of faults in shaly sandstone. The veins dip at' 
M angle of between 46° an(f 60° anp are from 19-26 ft. thick. The 



164 


VARNISHES AND THEIR COMPONENTS 


asphaltite near the wall of the seam shows a hackly structure 
and is dull, whereas in the centre of the vein grahamite shows a 
conohoidal fracture and very bright lustre. The mine is now nearly 
exhausted. 

Impaonite .—The final stage of hardness and infusibility of the 
bituTnen asphalts is shown in impsonite (Oklahoma). It is almost 
insoluble in carbon disulphide and contains a high percentage of 
fixed carbon, hut comparatively small percentage of oxygen (less 
than 5 per cent). Outcrops of grahamite are prone to weather to 
impsonite, which represents the final stage in the metamorphosis 
of asphaltites. Impsonite will not fuse alone, but piust be blended 
with other jfitches, and not more than 20 per cent can be incorporated 
with gilsonite to melt at .50()°-525° F. Impsonite gives a black 
stain, so that a blend with gilsonite reduces the brown stain of the 
latter pitch. 

Petroleum Pitches.—Closely allied to the natural bitumens and 
asphalts are the residuals from the distillation of asphaltic petroleum. 
Abraham states that there are two tyjjes of petroleums with 
intermediate groups: (!) non-asphaltic jietroleums which contain 
open chain hydrocarbons and solid paraffin, but yield no asphalt. 
Sulphur and nitrogen may or may not Ixi present; (2) asphaltic 
petroleums containing eyelid hydrocarbons, no solid paraffins, and 
yielding asphalt. Sulphuir and nitrogen are generally present. 
Petroleum pitches are jet black lustrous solids, often brittle, with 
a conohoidal fracture and a low ash content (0-1 jX!r cent). With 
the exception of the Mexican residuals they contain only small 
amounts of sulphur, so that they are in marked contrast in these 
two respects to the natural asphalts. In the early days of the 
industry the residual asphalts were carelessly manufactured without 
suitable temperature control. Now they are of excellent quality, 
including products fusing as high as 225° F., with satisfactory 
hardness and no greasy surface on ageing. There are wide varia¬ 
tions in specific gravity and fusion point. The distillation of the 
petroleum is continued very carefully, not above 650°-700° P., until 
the residual asphalt acquires the desired grade. 
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Richardson * states that the greater the percentage of saturated 
hydro^rbons the more pronounced ^e the asphaltic characters, 
which* is borne out by service tests. Blown petroleum asphalts 
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arc obtained by blowing air and steam thi’ough petroleum, treed 
from illuminating oils, at 625°-575° F., until the residue attains 
the desired eonsisteney due to polymerisation and dehjjdrogenation. 
These! arc not used by the varnish maker. 

The residual petroleum pitches may be distinguislwid from the 
asphaltitos by lower fusion point, lower a.sh content, jiercentage 
of saturated hydrocarboms above 25 per cent (native asphalts 
contain 25 ])er cent, asphaltites less than 10 {xer cent), jierccntage 
of asphaltous acids beilow 2J per cent and asphaltous anhveWdes 
below 15 pew cent, whereas native asphalts have much higher 
^value.’” The proportion of oily constituents is much greater than 
in the natural asphalts. The residues from some of the American 
petroleums contain aromatic hydrocarbons, e.g. anthra<!ene, etc. 
The ]x!troleuui ixtehes arc easily soluble in benzol and carbon 
disulj)Iiide, but arc insoluble in water, acids, and alkalies. They 
are (piitc waterproof and resistant to extremes of temjx'iature, 
are free from ash, and make good elastic black lacquers for iron 
woik and for ordinary bituminous paints. It is .stated that the 
residual asphalts arc inferior in weather-resisting properties to the 
native a.sphalts and fatty acid iritches of ^he same fusion point and 
volatility, but tlu'y are supr^ior to tho,se obtained from rosin, 
lignite, and wood. The first-grade*petroleum bitumens, natural 
and artiticial, make good elastic coatings suitable for electric cable 
insulations." or for electric cable trenches when incorporated with 
kaolin.Toeh points out that some asphalts are unsuited for 
making bituminous paints, becan.se, under the influence of light, 
moisture, and atino.sphoric oxygen, oxidation of the hydrocarbons 
(polymethylenes) occurs, with the production of fine particles of 
car 1 ) 011 . 

The U.S. Navy Department specification for petroleum pitch 
requires a black wax-like residue of pure bitumen resulting from 
the distillation of an asphaltic - base petroleum. The specific 
must be 102 (15° 0.), fusion point (Barrett method) about 
203° F., and it must be completely soluble in petroleum siiirit and 
mineral oil.\ 

Ozokerite.—Among the mineral pitches Galician ozokerite, 
after distillation of the volatile petroleums, gives a hard waxy sub¬ 
stance, breaking with a rough granular fracture. In colour it is 
dark amber, softening at 50° C. and melting between 85° and 100° C. 
Ozokerite and ceri'sin (the product obtained by refi^jing ozokerite 
with conoentrateil scSphuric acid) are employed as “ finishing wax ” 
^(1 in clecti ic cables. Some qualities burnish well and take a 
high polish. They are easily soluble in turpentine, carbon disulphide, 
petroleum, and benzol, but not in alcohol.** 

Stearins Pitches.—Stearine pitcljps are the residues remaining 
in the still after the distillation of fatty material or white fatty 
acids in superheated iiteam under ordinary pressure or under 
reduced pressure. They are of value for blending with natural 
bitumen, as they possess high lustre, satisfactory hardness, elasticity, 
and complete or partial solubility in tnrjihntine or petroleum. 
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The 'pitches from drying and semi-drying oils are loss soluble in 
the above solvents.^* 

Fatty acid pitches vary considerably in their chemical and 
physical properties, depending on : 

(o) the nature of the fat or oil from which the fatty acids are 
derived; from high melting point fatty acids solid or semi-solid 
pitches are obtained ; 

(b) the proportion of natural fats present in the original fatty 
acid mixture ; 

(c) the temperature of distillation. 

The fatty acid pitches contain free fatty acids,,their hydroxy-^ 
acids, lactones (anhydrides), undecomposed glycerides, and hydro¬ 
carbon decomposition products, which impart a black colour to 
the pitch. Holde and Marciisson state that high boiling point 
saturated and unsaturatt'd hydrocarbons with asphaltic hydro¬ 
carbons are present. 

Abraham states that the higher the j)ercentage of sajtonifiable 
constituents the better the weather-resisting (lower, and that 
fatty acid pitches of the best quality contain not less than 90 per 
cent of saponifiable matter. They are as weather-resisting as any 
of the natural bitumens. The saponification values vary from 
33 to J 00 and above, whereas the petroleum asphalts do not exceed 
21 and are generally 5-18. On the other hand, some fatty acid 
pitches may contain as much as !)8 yier cent of unsaponifiable matter 
and are of good opacity with a lustrous black colour, and are 
satisfactory for japans for inside work. The .softer the pitch the 
higher is its iodine value and the greater the content of free fatty 
acids. The blacke.st pitches are the hardest. Medium soft whale- 
oil pitch is quite brown in colour. The hardening and toughening 
of stearine pitches on exposure to air is due to oxidation. They 
flux .satisfactorily with gilsonite and glance pitches, but not with 
grahamite. The most useful properties are plasticity and high 
viscosity, which are imparted to their blends with oth .r bitumens.'* 
The chief varieties are : 

Stearine Pitches. —From lard, giving ductile pitches, and from 
tallow, which yields hard but not ductile pitches. 

Palm Oil Pitches. —Hard, but lacking in ductility. 

Cotton Seed Oil-foots Pitches (Black Grease). — Soft and of 
moderate ductility.' 

Com Oil-fpots Pilches. —Rubbery, only slightly soluble in carbon 
disulphide, and possessing little ductility * 

Wool Grease Pitches.f -Ductile, with a black streak and containing 
cholesterol. ■ 

Special black varnishes for coating tarpaulins are prepared 
from fatty pitches, especially qotton seed pitch, as these substances 
yield pliant surfaces, showing no tendency to crack, as is the case 
with some soft mineral oil pitches. The .articles may be dipped 
in the melted soft pitch, or a solution of it in a suitable solvent, 
and stoved at 150°-350'’ C. In combination with paraffin oil, 
’wood tftr, and other* materials,^ stearine pitches have been used 
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^ • 

for the manufacture of special black or dark-coloured printing 
inks. 



Lant. 

Tallow 

Cotton 

Palm Oil. 

Wool * 
Orpasc. 

Whale Oil. 



roni'hoblal 


conchoblal 


brown 


brown 

brown 

lirown 

brown-black 

black 


1 ■(») 

I'OG 

a-iirj 

0'08-l-08 

1-02 

I'OiOdS'’ C.) 


12 

.... 

I.*)-)!) 

20-41 

30 



12 

IS 

11-10 

■ 2ft-:{4 

30 


Siihil»IUI.y ill 

mil 

US 

07-!IO 

00-08 

00 


. H8" naplithi 

•IS 

87 

112-100 

82-02 

00 

d-*48 

i\iinfTiil i)iJitt4T 

• u 

2 1 

0 2-0 4 

2 08 

0 5 

s-iiioiiill('Htii>n 

I7'l 

l,V5 

ifll 

58 3 

12.5 

fi7-8 

M.P.(K.iiml S.)* 

{ 11(1 1'' 

182 K. 

TO-KIO' V 

lOJ-172 V 

01 5" K. 

38" C. 

Sulpli(in!itii)ii rf‘* 
8i»lui' jiml siil- 

piiiii . 

(1 

0 

0 

0 

0 

0 

.4fiii \alm’ 

S2 

-It 

00 

40-1 n 

10-7 


libtiiK' v:>hi«' 




I 118 

! 

l)cr cent 
oleic acid 
120 



• KrairuT ami Sarnow nifthod 170. 


Bone Pitch.—Bone pitch is an intensely black pitch obtained 
in the distillation of bone oil (Dii)ii»'l's oil) produced when bones 
arc dry distilled. Bone oil \ i( lds 211 per cent of hard pitch. Bone- 
tar pitch is interiiiediate in its jnoperties between asphalts and 
fatty acid pitches. It is not very soluble in solvents and is generally 
fluxed with inoix^ soluble pitches, to which it imparts a black shade. 
It is produced in comparatively small quantities. 

Coal-tar Pitch.— (loal-tar pitch is the residue remaining in the 
still after the lirst distillation of coal tar, and forms about two- 
tliirds of the weight of the treated tar or 4 per cent of the weight 
of the (s)al carbonised. For the varnish maker the use of coal- 
tar pitches is restricted by their very partial solubility in petroleum,' 
although they are freely soluble in coal-tar spirit. Weiss ” points 
out in his review of the j)resent knowledge of the composition, 
properties and uses of coal-tar pitches, that their character depends 
on (1) the charactci’ of the tar di.stilled, (2) the jK'rcentage of the 
total distillate j’cmoved. 

The lower specitie gravity tars producer^ at a carbonisation 
temjjerature of about 800° V.. are rich in open chain paraffinoid 
bodies and give -i lower yield of pitch than the hi^-gravity tars 
containing closed (kain wromatic compounds with free carbon, 
A harder j)it< h is produced by heating strwngly to obtain the maxi¬ 
mum yield ot anthracene distillate, and the residual pitch is graded 
by the addition of creosote or anthracene oil. Stewart “ states 
that at high temperatures and withsligl^ charges a yield of 78 per 
cent of pitch is obtained. Continual distillation from vertical 
retorts gives 47 per cent, whereas moderate heat and fairly heavy 
charges give 56 per cent of pitch of finer quality and a lower content 
of free carbon. Related to coal-tar pitch are coke- and blast¬ 
furnace pitches producctir by tljo distillatiin of their respective 
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tars.^® Coal-tar pitches have the follomng characteristics : they 
give a jot-black streak on porcelain and show free carbon under the 
microscope., The specific gi'avity is comparatively high (l-2-l'3). 
The susceptibility factor is high, the pitches becoming brittle in 
winter and softening in the suinmer heat : iiioreover, they pass 
rapidly frotn the solid to the fluid state. In carbon disulphide 
they show a comparatively high jicrccntagc of insoluble material ; 
they are insoluble (70-90 j>cr c(‘nt) in ])etroleum naj)htha. Soft 
coal-tar pitch softens at 37'^ C. and melts at 00° C., moderate hard 
pitch softens at 00° C. and melts at 80° C., whereas the har d variety 
softens at 80° C. and melts at 17r)“ ('. The melting point is taken 
as the point at which the pitch beconu's soft enough to flow. 

Mareusson -" considers that coal-tar pitch consists of insoluble 
carbonaceous substances, high molecular weight hydrocarbons, 
phenols, and resins with drying i)ro|)erties, besides compounds 
containing nitrogen anfl sulphur and free cai-bon. 'I'he insulating 
power is high, the sjK'cifie re.sistance being so large that accurate 
mea.surements are impossible. Wlieti dissohaal in the usual tar 
solvents, it comjuises the main ingredient of the best tar j)aints, 
and its waterproofing property and jtower to adhere to stone, wood, 
and felt, and as cement for sealing joints in stoneware j)ipes, mak(! 
it of great value. In a japan V-oal tar-|)iteh would impart tackiness 
to the film. 

Brown coal, eannel coals and bituminous shales yield tars 
on destructive distillation, from which ])itches allied to coal-tar 
pitch can be obtained. By the distillation of lignite a coal-tar 
is produced, consisting of oil and paraffin wax and very little 
asphaltic substances. The softer lignite pitch, which has 
an odour of strongly heated ])araflin, is completely soluble in 
turpentine and benzol. It has good insulating proj)erties when 
admixed with caoutchouc and similar substances, lignite-tar 
pitch is distinguished from asphalt-resin pitch and fatty pitches 
by giving the diazo-reaction ; from coal-tar pitch by its complete 
solubility in benzol and carbon disulphide ; from wood-tar pitch 
by the presence of associated sulphur and paraffin wax. In Germany 
it is used extensively in the manufacture of cheap paints in con¬ 
sequence of its solubility in })etroleum. 
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Stockholm Pitch.—Stockholm or Swedish pitch and rosin pitch 
are typical products 'of the distillation' of wood tar and of rosin 
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respeftivoly. Stoekholm tar is a poasant-made wood tar from the 
roots of Pinus sylveslris by a process similar to that of charcoal 
burning. A pijMJ at the bottom of the pile built on ^ slope leads 
the tar to the collecting ve.ssel. 

The roots are not really burnt, but only sw(!ati‘d, and the lire 
must be carefully controlled. The u'ork is hardly remunerative, 
considering the risks taken. Stockholm tar when distilled gives 
light oils (s.g. 0'84-0-88) and about a 70 per cent yield of pitch. 
The pitch is soft, with a jet-like bistre, but of browni colour in thin 
films. It is easily soluble in alkalies, owing to the presimce of 
^phenolic derivqjives, e.g. methyl esters of thi; cresols and of trihvdrie. 
phenols, and tin this fact de(K'nd its antisejitic and ])reser vativ-c 
powers. It finds wide apjilieation in the painting of ships, in 
the preparation of black varnishes, in the rubber and giif ta-pereha 
trades, as insulating materials, and in the preparation of impTine- 
able cements. The wood pitches are very susceptible to changes in 
temjxTatiire, jiossessing a low fusion [loint, but they art' not weather¬ 
proof, being jirone to oxidation on ex|)osure to the weather, and 
thus becoming rapidly converted into a ])ulverent condition. Pi'ior 
to 1914 the annual yield from Ilussian sources (Archangel) was 
estimated at !yo,3()() tons. The differences between the character¬ 
istics of pine pitchc.s and hard wdtid pitches, and the contrast 
between these and coal-tar and petroleum jiitches, are shown in 
a table given on preceding jiage.®' 

Rosin Pitch.—Ro.sin jiitch is the residue left on the di.stillation 
of rosin (colo|)hony). and amounts to Ki per cent of the rosin taken, 
the other products being ro.sin oil (67 (ler cent), pinoline or rosin 
spirits (.3 jie.r cent), and non-eondcnsable gases (9 ]X'i' cent). Rosin 
pitch resembles rosin in physical ])roj)erties, possessing a rosin-like 
odour, sticky feel, and crumbling easily on slight jiressure ; more¬ 
over, it is yellow-brown in colour. It is very susceptible to tempera¬ 
ture changes and does not withstand the action of the weather. 
Rosin pitch is rarely used alone in varnishes, and only occasionally 
when blended with low-grade pitches. Burgundy pitch is not a 
pitch, but an oleorcsin. It contains more or less turpentine and 
emulsified water, and its composition is essentially that of rosin 
containing turps and water. 


Examination of Pitches , 

T ■ ■ * * ' 

Mt IS evid( lit, from the descrijition of th» bituminous substances, 
including pitches, that their identification is not easy : the.detection 
and estimation of the comfxments of a blended mixture arc often 
very difficult. The most importanj testa in the examination of 
crude, refined, and blended bitumens are grouped under the following 
headings : Physical tegts ; colour, homogeneity, fracture, lustre, 
streak on porcelain, specific gravity, hardness or consistency, 
ductility, tensile strength, adhesiveness, susceptibility factor, and 
viscosity. \^The details of tliese tests are to be'found in Abraham’s 4 
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work, and a brief reference to the most important which concern 
the varnish maker will be sufRcient. 

Physical Tests.— Hardness or Consistency .—For the hardest 
bituminous materials Mohr’s scale may be applied, whereas a 
needle penetrometer and a consistometer are used for semi-solids 
to moderately hard solids. The standard test for penetration of 
bituminous material is described in 1). 4, Am. Soc. Testing Materials, 
1918, 631. This test is used more frequently in America than in 
England. Penetration is defined as the consistency of a bituminous 
material expressed as the distance a standard needle vertically 
penetrates a sample of the material under known condition of loading,, 
time and temperature. When the conditions of the tests arc not 
specifically mentioned, the load, time, and tem|Huature ani under¬ 
stood to be 100 grams, .'5 sees, and 77° F. resf)eetivel,v, and the 
units of penetration to indicate liundredths of a centimetre. 

The consistometer registers the degrees of hardness on a scale 
ranging from 0-100, and may lx* used for determining the hardness 
of substances as .soft as vaseline to .substances as hard as gilsonite 
(100). In all cases the (rardness is expressed as the cube root of 
the number of grams which must be ap|)lied to a circular flat 
surface ] sq. cm. (100 sq. mm.) in area to cause it to displace a 
substance at a speed of I cm! ])er minute. The method of testing 
consists in forcing plungers of known diameter into the suhstanco 
at the rate of 1 cm. per minuk-. 

F-asion or Melting Point .—The softening of bituminous materials 
does not occur at any definite moment or tempt'.raturc. With rise 
in temperature they change gradually from a brittle or soft material 
to a viscous liquid. The determination of the softening point 
must be made by a fixed, arbitrary, and closely defined method 
if the results are to be comparable. The methods proposed are 
.many. The Kramer and Sarnow (K. and S.) method consists in 
heating a plug of the solidified bitumen, on which rests a small 
quantity of mercury, in a castor-oil bath provuled with a thermo¬ 
meter, and the temperature at which the mereury drops through 
the plug of bituminous makirial is taken as the fusion temperature. 

The ring and ball method consists in observing the temperature 
at which a steel ball falls through a ring which has been filled up 
by a plug of molte^ bitumen, the diameter of the ball being 8 of 
an inch and the brass ring | of an imdi. Other methods are described 
by Mansbri(Ige,'“ Fellows and Murphy,“ and by iSpielmann and 
Petrier ‘ 

Snsceptihility Factor. —This factor is a numerical expression 
representing the susceptibility of a tjituminous substance to tem¬ 
perature changes: 


Factor = 


Consifltency at 32* F. - Consistency at 115° F''. 


xlOO. 


Fusion point (K. and S.) 

The more susceptible the material the higher will be the factor, which 
is of importance in tlje case of the softeq; pitches and tars. Asphalts 
have a susceptibility factor varying from 16 to greater than 100. 
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Solubility Tesis.Solubility in Carbon Disulphide .—^In the case 
of native asphalts, the higher the percentage solubility in carbon 
disulphide the greater is their value. Crude bituminofus materials 
are often purchased on the basis of percentage solubility in carbon 
disulphide, which indicates freedom from mineral matter. The 
details of the test are to be found in D. 4-11, Am. Soe. for Testing 
Maieriak Standards, 1916, 326. 

Solubility in Petroleum Naphtha.--The harder the bituminous 
prodiKit the smaller is the percentage which will dissolve in 88° Be. 
naphtha or in white spirit (s.g. O'785-SOO). Coal-tar pitches are, 
.however, relatiiely insoluble in petroleum naphtha. In the case of 
asphaltic pitehew the insoluble part is termed" asphaltenes,” whilst 
the soluble part comprises “ petrolenes or malthcnes.” The solvent 
naphtha used in th(^ test must be eomjrosed of open chain hydro¬ 
carbons, and 8.5 i)er cent should distil over between 95° and 150° F., 
because unsaturated or cyclic liydroearbons exert a solvent action.^ 

Chemical Tests.—Carbon, hydrogen, sulphur, and nitrogen are 
d('tected and (wtimated by the usual methods.^’ 

Saturated Hydrocarbons.- Hichardson,'^'’ distinguishes between 
the various asphaltic substances (native as])halts, as))haltites, and 
petroleum asphalts) by estimating the saturated hydrocarbons, 
soluble in 88° Be. naphtha, by me'nns of sulphuric acid, which 
removes the tmsaturated hydrocarbons. 

Sidphonation Kesidue .—When a bituminous substance is heated, 
the dLstillate between 315° and 355° C. is sulphonated by sulphuric 
acid (80 |K!r oent iSO,,) at 98°-I00° ('. and the volume of the residue 
measured.-* Gilsonite gives 85 ])or cent unsulphonated residue; 
wood-tar |)it(h, no residue; sajxinifiable and unsaponifiable fatty 
acid pitches also give no sulphonation residue, whereas residual 
asphalt from Mexican i)etroleuni gives 80 per cent. The test ex¬ 
presses the percentage of saturated hydrocarbons in the distillate 
between 315° V. and 35.5° 

Mineral. Matter and Ash .—The ash content is determined by 
careful ignition of the material in an open platinum dish, until all 
the volatile matter has been expelled and the ignition carried to 
complete incineration. 

Saponification Value. — Five grams of pitch in 25 c.c. of pure 
l)enzol are refluxed one hour with 25 c.c. of N,al(!oholic potassium 
hydroxide, and after cooling, 200 c.c. 96 per cent of alcohol (neutral¬ 
ised) is added and the mixture titrated with | N. hydrochloric acid, 
using phenolphthiileJh anr^alfeali blue as indicators (3 c.c. of 1 per 
oent and 3 c.e. of a 3 per cent alcoholic sollStion respectively). The 
colour change is from a browULsh red to a distinct blue.** • 

Free Acids and Acid Value .—Five grams of the material and 
50 c.c. of 96 per cent alcohol (neutrali^pd) are boiled for twenty 
minutes under reflux, the alcohol is poured off and the residue 
digested again with alaohol. until the extract is no longer acid to 
alkali blue. The alcoholic extract is treated with 10 c.c. of 25 per 
cent barium chloride solution, 6 drops of ajkali blue added and 
titrated cold with decinormal potessium hydroxide. The acids on 
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neutralisation give insoluble barium salts, which together with the 
unsaponifiable matter are dragged down, whereby the solution is 
cleared and jthe end point is more distinct. 

Diazo-reaction. — This test is used for identifying bituminous 
substances containing phenols, including wood tar and wood tar 
pitch, jK'at and lignite tars and jhlehes, bone-tar pitch and various 
coal tar pitches. It depends on the identification of phenols by 
diazobcnzolchloridc.^i 

Liehermann - Hlorch Iteaction. — This reaction may be used to 
detect the presence of rosin, rosin oil, and cholesterol. Rosin and 
rosin oil give a fugitive violet colour changing to brojyn. Cholesterol 
gives a fugitive rose colour changing to dark green. When all 
three arc present the test is valuele.ss. Other substances give 
definite colours in this reaction. Eimseed, tung, and cotton seed 
oils give a greenish - brown coloration. Palm oil and olive oil 
give brownish yellow, and copals and fatty acid pitches give a 
permanent brown colour. The Lieberinann-Storeh reaction is most 
definite for the detection of rosin and rosin oil.* 

Mansbridge gives a scheme for tlw^ examination and identifica¬ 
tion of pitches, which, however, does not ap])ly to mixtures. It 
relies on a divi.sion into saponifiable and unsaponifiable bituminous 
substances and on the behavidar of the members of the two divisions 
to the solvent action of white spirit. In Section I the jntches, 
wholly or partly saponified, include stearinc and wool-grease pitches 
and bone pitch. In Section 2 the pitches, which arc unsajxmifiable, 
include the natural asphaltums, ozokerite, pitches of the coal tar 
and mineral oil groups, and wood-tar pitch. 

The .solubility in white spirit of the pitches of Section 1 can be 
grouped as follows : completely soluble in white spirit are the 
stearine pitches from non - drying fats and w'ool - grease pitch, 
pontaining cholesterol. Pitches partially soluble in white spirit 
include the. pitches from the drying and semi-drying oils and bone 
pitch. Insoluble in white spirit arc the hard and clastic cotton 
seed pitches. The pitches of Section 2, which are soluble in white 
spirit, are the soft mineral oil pitches and the natural asphaltums. 
Partly soluble in white spirit are the mineral oil pitches, Trinidad, 
and natural asphaltums containing mineral matter and ozokerite 
pitch. Insoluble ii^ white spirit and also unsaponifiable are wood 
tar pitch, a few mineral oil pitches giving an asphaltum smell when 
heated, and ^oal-tar pitches. 

J. M. Weiss has put forward a scheme 6f analysis of distilled 
tars and pitches, and E. t\ Pailler^^ points out the differences between 
natural a«id oil asphalts, based on thetestirnation of the fixed carbon, 
on the acidity of the liquid obtained on careful dry distillation and 
on the saponification vahie : , 

Fixed carbon.d‘95*lfl‘87 

Acidity 0*12*J5'9 

Saponidcation value . . . 7*4-36 


* Ro«n can be extre-cted from pitch by neana of alcohol if it is desired 
to estimate it. 
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J. Marousson “ also gives methods of detection of various pitches 
(natural asphalt, fat distillation residues, commercial products 
manufactured therefrom and coal-tar pitches) in the presence of 
each other. 

In the examination of a black japan the pitch to be identified 
belongs to the class soluble in white spirit. In the ordinary scheme 
of varnish analysis the unsaponiftable part would contain the 
natural asphaltums and the mineral oil pitches. In the examina¬ 
tion of the unsaponifiablc portion the percentage of asphaltenes and 
their fixed carbon values will give an indication as to the character of 
the pitches, altliough it is not possible to estimate with any accuracy 
the components of a mixture of natural and petroleum asphaltums. 

The saponifiable part and that soluble in white .sjurit will appear 
among the oil ami resin acid.s in the ordinary method of separation, so 
that it is difficult to distinguish them in the presence of the resins and 
drying oils whicfii go t(» make up the black japan. Some details of 
the examination of black japans will be given in the chapter on 
Analy.sis of Varni.shes, and reference may be made to Gardner and 
Sehaefler, Anah/ns of Paints, 1911, and to C. I). Holley, Paint 
Vehicles, etc., 1920. 

Origin of Petroieam and Bituminous Substances. —The discussion 
of the origin of petroleum and bittxminous substances is outside 
the sjihere of this work, but a brief statement of some of the important 
theories put toi ward will be of interest. H. Abraham (Asphalts and 
Asphaltic Hvbstances, 1921) classifies the theories under Inorganie, 
Vegetable, and Animal theories. 

Inorganic Theories .—The decomposition of the metallic carbides 
in the earth’s crust by water to give hydrocarbons is problematic, 
esiKfcially as no carbides have been found to be native. Another 
suggestion is that carbon dioxide acts on alkali metals at the high 
temjK'iaturcs beneath the surface to give hydroiairbons, and a 
third suggestion is that hydrocarbons existed in the primordial 
atmosphere and that these condensed in the earth’s crust when it 
cooled ; this has the support of the fact that hydrocarbons have 
been detected in meteorites. 

Vegetable Theories .—According to these theories bituminous 
substances are derived from deposits of vegetable matter, either 
terrestrial or marine. The optical activity of certain petroleums 
has been cited to substantiate this view, bl^cause hydrocarbons 
obtained from inorganic substances do not exhibit optical activity. 

Animal J'Aeories*—Bitominous substances are saicl to bo derived 
from the accumulation of animal matter in the ocean depths, which 
is decomposed in time into hydrocarbons. Animal fats, can yield 
pitches, and their conversion into petroleum is said to depend on 
three factors, viz. pressure, temperature, and time. 

The vegetable and animal theories‘point to the presence of 
bitumens and pyrobitpmens in rocks of a sedimentary character. 
It is probable that their origin may be accounted for by two or 
more of the theories given above. 

Eiohardson®* suggesti that^ petroleum* pitches originate by 
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surfaae action between natural gases and the sands with which they 
come in contact, and that asphalts are formed by the surface action 
of colloidal clays on heavy petroleum. Pcckham from a study of 
Californian bitunieu considers that the polymerisation of petroleum 
and its conversion into asphalt are largely due to the presence of 
nitrogen and sulphur. A. Pictet obtained by distillation of coal 
at 10-15 min. pressure a mixture of hydro-aromatic hydrocarbons, 
homologues of cyclohexane and cyclohexadienes. At the tem¬ 
perature of ordinary gas retorts the vacuum pitch passed to ordinary 
pitch. The products obtaini'd were identical with those contained 
in Canadian and Californian oil. Ry vacuum distillation of fats 
and soajis, mixtures of aliphatic hydrocarbons were' obtained, such’ 
as are contained in Pennsylvanian ^letroleum. 

The results of these experiments sujijiort Engler’s theory of 
petroleum formation from animal residues and o.stablish a dis¬ 
tinction between aliphatic and cyclic jxitroloums in their respective 
animal and vegetable origin. 

Sabatier and Senderens have produced petroleum oils by hydro¬ 
genating acetylene at high temperatures and ])re.ssures and W. 
Ramsay has found traces of nickel in crude petroleum oils. 
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CHAPTER XI 


VARNI.SH SOLVENTS 

Turpentine.—The olcHHOsin obtained, either by the tapping pro¬ 
cess, when the vai i('ty of the tree allows it, or from the wood, as in the 
production of wood tur|)entine, gives on distillation a volatile spirit, 
which is spirits of tiirjjentine or tuj)H-ntine oil. The non-volatilo 
product (rosin, eolophoniu'm) has already been described. The 
turpi-ntine used in Eurojie is obtained from (1) the United States 
(Pinus pahoitris, the Southei n long-leaved pine ; Pinus tceda, the 
loblolly pirns J^itiiis caribwa, the (iidian or slash pine); (2) France 
(Pinm maritima or pinaster); and (3) Russia (Pinus sylvestris, 
Scotch fir or Norway pine), with smaller (juantities from Spain 
(Pinus maritima), Portugal (Pinus maritima), Algeria (Aleppo pine, 
Pinus halepensis), and Ureece. Russia is the oidy country which 
can largely increase its output in the future, although the present 
output of turjxintine and rosin from the United States is three or 
four times as great as that of France, Spain, and Russia together. 
The world’s production of turptmtino and rosin annually prior to 
1914 was 850,0(10 barnds of spirits of turpentine, i.e. 42,500,000 
galls., and 2,750,(XK) barrels of ro.sin of 500 lb. each. Of this huge 
amount the U.S.A. supplied ()50,000 barrels of turps and 2,150,0(X) 
barrels of rosin. France sujiplied 130,(H)0 bands of turpentine, 
Spain and Porttigal 50,000 barrels, Greece 15,000 banels, India 
2500 barrels, other sources 25(X> barrels, all turjrentine.^ Central 
America is yet an undeveloped area; but turjDentine is obtained 
from Mexico (Mexican White Pine, Pinus ayacahuite, and the slash 
pine, Pinus caribaa) and British Honduras. 'Within the British 
Empire Honduras and India pqssess pines (Pinus longifolia, the 
Chir pine, and Pi nut excjfsm, Himalayan or Bhotai? pine) which 
yield a flowing oleoresin, but in India the industry has been developed 
as yet only for the home market. Eldridgo^ states that France 
wfll expand its production of oleoresin. Spain, Portugal, and Greece 
will remain stationary; Mexico and^ Central America may become 
important producers, but the output fri5m India is not expected 
,to exceed 37,(W barrels^(60 galls.) of turpentine and 100,000 barrels 
(600 lb.) of rosin.® It is stated that the supply of turpentine and rosin 
from the United States will cease in ten years’ time, owing to the 
wasteful tapping of the trdfes which yield a flowdng oleoresin. The 
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Douglas fir of tho American Pacific littoral gives promise of ex¬ 
ploitation. The progress of the wood turjxjntine industry is such 
as to justify the expectation that there will be an increase in the 
output of turj)entine and rosin. 

In the jU.S.A., in 1920, 21,471,000 gallons of ordinary tui^s 
and 35,000 barrels of wood turps were produced, together with 
1,452,000 barrels of rosin and 185,000 barrels of wood rosin. These 
figures show a diminution in production compared with the pre-war 
figures. It is estimated that the world requires aimually about 
50,(K)0,000 galls, of turpentine and 1,500,000,000 lb. of rosin. 
It is evident that the “ Naval Stores ” industry is one of vast 
importance, and the production of turpentine and rosin requires 
careful attention. In the United States until the middle of last 
century the Carolinas were almost the sole source of supply of 
U.S. tur])entine and rosin, obtained from the long-leaved pine. 
The area was extended to Georgia, Florida, Alabama, Mississippi, 
Texas, with Georgia predominant in 1900. *ln 1919 Florida, with 
37 ]X'r cent of the total output, was the best. 

The method of distillation is practically the same as it was 
fifty or sixty years ago, the apparatus consisting of a large eopper 
kettle of 5(K)-1000 galls, capacity connected by a I’emovable still-head 
to a cofqKjr worm kept cool in a large tub of water. From 7 to 14 
barrels of the gum are distilled in one operation. Some stills are 
made to hold 800 galls. (20-25 casks) of oleoresin and are fire heated 
so as to keep tho oleoresin melted. Water comes over with turpentine 
at first, and afterwards a thin stream of lukewarm water is allowed 
to run into the still, so that the turpentine distils off in a current 
of steam at a temperature lower than its boiling point. When 
nearly all the turpentine has been distilled oflf, the flow of water 
is stopped, the still cap or head removed, and the molten rosin 
remaining in the still is drawn off through an opening at the bottom. 
The yield of turpentine varies from 16 to 22 per cent of the original 
weight of the oleore.sin. The water and turpentine pass together 
into the receiver and are separated and removed at different levels 
by suitabl,y inserted ]jij)es. Each cask of turj)entine is inspected 
for colour (water-white standard, one shade off, two shades off) 
and the barrels of rosin are tested for colour with samples taken 
6 in. below the surface of the rosin in the barrel.* 

Wood Turpentlrie.— Kienol, Pine-knot Turpentine .—Turpentine 
may be obtained from the wood of the Douglas fir {Pseudotmga 
taxifoUa) by distillation in an electrically Seated still. The products 
are turpentine, some rqsin, pitch, and charcoal. Forty thousand 
pounds of wood give 7J galls, turps, 18 galls, tar oil, 38 lb. rosin, 
1338 lb. charcoal, and 20 lb. pitch. 

Steam-distilled wood turpentine from the dead heart of the ' 
trunk and limbs is w'ateirtwhite and contains dipentene (b.p. 176° 
C.). By draining the fir pitch from holes bored into the tree 
turpentine and rosin can be obtained on steam distillation. When 
the flow of the fir pitch from the tree stops, the holes are plugged 
Up so as to preserve the life of the tree. ’ Uve turpentine is obtMned ' 
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from incisions in the living tree ; dead turpentine from stemscand 
roots of felled trees. 

For the deteotion of wood turpentine in ordinary oleoresin 
turpentine colour tests an* available, but the intensity of the 
coloration is no indication of the quantity of wood turpentine 
present. Herzfclds’s test ^ is to add 1 c.c. potassium hydroxide 
solution (s.g. 1 -31) to 5 c.c. turpentine and warm on the water bath 
with vigorous shaking. If wood turpentine be yjresent the spirit 
will be coloured brown, and if much is ])r<'.serit a dark resin will 
separate out. It is advisable to iM-rforin a blank te.st with ordinary 
turpentine. Several other tests are recommended, which are 
described by H.«\Vollf.'> 

In America a mixture of turjieniine and resinous bodies is 
obtained by the desi.ruetive distillatitm of coniferous wood, by 
steam distillation, or l)y extraction with solvents. In the case of 
the destructive distillation of wood the f)roducts consist of light 
oil, rosin oil, pitch, and a watery distillate which, on neutralisation 
with lime, gives calcium acetate and methjd alcohol, whilst charcoal 
is left in the retort. The .process has been already' referred to, 
and it is only necessary to descrilK? the rectitication and deodorisation 
of the oil. Its penetrating empyreumatie odour, contrasted with 
that of ordinary tur)K‘ntinc, makes ii. ynsuitjible for use. The smell 
can be much improved by rectilication with lime water in the same 
manner as in the ease of tlu^ copal oils. Schindelmeiser ^ advises 
heating the erud(> wood t.urtKmtine under pre.ssure (3 atmospheres) 
with aqueous ammonia at 140"-1(10° 0. for several hours, whereby 
not only acids and phenols arc removed, but also aldehydes and 
ketones. After washing with w'ater and distillation in a current 
of steam a satisfactory turpentine is obtained. The components are 
sylvestrene, d-pinene, also dii>entene, limonene, and terpineol.®“ 
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French Turpentine.—The French method of obtaining turpentine, 
which is the best developed at the prssenl^timo, has been described 
under Oleoresins. 

Indian Turpentine.—F’or details of the Indian method reference 
may be made to an article in Naval Stores, p. 201, by A. J. Gibson. 
The cultivation of the pinf and the procedme of obtaining the 
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oleoresin from Pinus hngifolm (Chir pine) and its subsequent 
treatment are conducted strictly on the French plan. The crude 
resin is melted and its sixicific gravity adjlisti-d by addition of 
turpentine to allow the separation of water and dirt. Subsequent 
filtration by a gravity method and distillation on the French plan 
constitute the method of treatment. 
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Quality II. Quality 111. 


Quality 1. has a p(!euliar pleasant odour due to its components, 
A®-carene, a bic 3 'clic terpene," and d-longifolime, a sesqui-terpene. 

Turj)entine and ro.sin are at present being produced in the 
United Provinces and Punjab.*” The Punjab oleorcsin is distilled 
at factories at Bhowali, Bareilly, and .lallo. The output of the Jallo 
factory is about 19,000 cwts. of rosin and 70,000 gallons of turi)entine, 
which represent almost the maximum capacity of the factory. The 
maximutn possible output from the Indian Government factories 
may be taken at about 73,000 cwts. of rosin and 3(X),000 gallons of 
turpentine per annum. The recent annual demand for rosin in India 
may be taken as 66,000 cwts., and the consumption of turpentine 
per annum has not exceeded 330,000 gallons, which confirms the 
statement made early in this chapter, that the industry can only 
supply the Indian market. The conclusion given in the Imperial 
Institute Trade Enquiry Rtsport may be stated as follows; “Although 
at the moment there may Ixs large supplies of rosin and turpentine 
owing to the shortage of .shipping during the past few years, there is 
evidence that the area of pine forests in the United States is gradually 
being reduced and that production i^ declining. Further, the cost 
of production there has risen, owing largely' to the increased cost 
of labour. The priced of American rosin and turpentine are 
therefore likely to remain high, for Some time, and there will con¬ 
sequently be a good market for the Indian products at high prices. 
Experiments should be icontinucd with a view to the improve¬ 
ment of tapping of the trees and methods of collection of the crude 
oleoresin. Tank cars should be available for the conveyance of 
the crude oleoresin, and transport facilities should be improved 
in order that the total area tapped may be inoreased. If In^ 
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is to be in a position to make any noteworthy contribution t& the 
supply of turpentine and rosin required hy the United Kingdom 
and other parts of the Empire in the future, the Indian resin industry 
must bo largely developed, especially in the direction *of transport 
facilities in the forests. If the annual yield from all species of pine 
in India should amount ultimately to 440,000 cwts. of rosin and 
1,600,000 galls, of turpentine, there should be an appreciable supply 
for export.” 

The i>eouliar odour of Indian turpentine will be a disadvantage 
in English and European markets, ju.st as the Ercuich turpentine 
is often at a disadvantage compared with American turpentine, 
although the thVee varieties are equal as regards solvent properties 
and as varnish thinners. iSimonsen (he. cit.) ascribe.^ to d-carene 
and longifokme the two juoperties of Indian turpentine which 
are considered to make it inferior to the American and French 
product, viz. ease of oxidation and higher percentage of residue 
on eva])oration. d-carene readily absorbs oxygen from the air. 
Sample.s of Quality I. examined by the writer compared favourably 
with American and French'turjx'ntine in properties, differing only 
in odour. 

Russian Turpentine.—The possibilities of obtaining large quan¬ 
tities of tur|K!ntine from Russia are gniat. The forests are immense. 
In Europc'an Russia 3!) jxr cent of the area of the country is forest 
region and, including Siberia, it is estimated that there are 900 
million acres of forest land. In Siberia the ” taigas ” consist 
essentially of pine, fir, spruce, and larch. The oleoresin can be 
obtained in some districts by tapping, but generally the wood 
is crudely distilled to yield tinpentine and tar. 

In the Archangel district 300,000 gallons of turps and 25,000 
barrels of pitch (560 lb. per barrel), and 75-90,(100 barrels of 
tar (32 gallons per barrel) were obtained annually before 1914. 
The destructive tapping of trees or the distillation of roots in brick 
ovens gives some turps and a light tar. 

In the Kazan and Vjalka districts a crude distillation of the coni¬ 
ferous wood to give turpentine and tar is jiractised. In the Minsk 
area distillation of wood gives a yield of one-third turpentine and 
two-thirds tar (inferior to Archangel tor). Up to the present 
there has been a lack of initiative in the development, but wherever 
French methods have been tried the results hive been promising. 
Poland and Lithuania are also turpentine-producing countries. 

The imports of turj^j^tine into the United Kftigdom from 
Russia and Scandinavia in 1906 were 413^ cwts. or 16-4 per cent 
of the total imports. In 1914 they had fallen to 1210,cwts. or 
6-95 per cent of the total imports, and in 1919 the imports were 
662 cwts. or 2-47 per cent of the total imports. 

Storage of Turpentine. —Iron tanto ih which turpentine may 
be ^pped or stored shopld not be galvanised, but should be coated 
with shellac.) Investigations have shown that a persistent white 
turbidity in tmpentine stored in galvanised iron tanks is due to 
finely divided zinc compounds held in suspension. A shellac coatincr. 
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insto&d of galvanising, prevents discoloration of the turpentine. 
The presence of water in the turpentine develops acids which 
dissolve the iron or the galvanising zinc. Any unshellaoked iron 
surface will 'be attacked by turpentine in cold weather owing to 
separation of water from the spirit (Decorator, 1922). 

Turpentine Hydrocarbons.— American turpentine contains 
tt-pinene (dextrorotatory 80-85 per cent) and smaller quantities 
of /f-pinene (nopinene), camphene, sylvestrene, and dijK'ntcnc. 
The pinene from the Cuban pine is laevorotatory, but the pre¬ 
ponderance of the long-leaf yellow pine accounts for the fact that 
American turpentine is generally dextrorotatory. 

French turpentine contains a-pinene (lajvorotato'ry). ' 

The Cuban, or slash pine, also contains lajvorotatory a-pinene. 

Russian tm'jKintine contains sylvestrene, which is dextro- 
rotator3^ 

Indian turps contains: j8-pinene (?-pinene), (iO-S jkt cent; 
d-carene, 14'8 (imparts a characteristic smell to the tury)entine); 
d-longifolene, 10-2 ; residue and loss, 14-2 ~ 100. 

Wallach and his pupils have made a careful study of the natural 
terpenes, and of late years a number of terpene hydrocarbons have 
been synthesised by "W. H. Perkin, junr., so that their structural 
formula; are fairly well established. In practice it is rarely necessary 
to isolate any of the characteristic derivatives of the topencs, and 
the standards given below are adequate. The following is the 
American .specification recommended for gum and wood turpentine, 
together with the characteristics of French and Russian turpentine ; 



AinerIc.aD Turiientlne. 

French 

Turpentine. 

Rii-ssiun 

Turpentine. 

Hwclflc gravity 15® C. 

Flush point (Abel) .... 
n„(2U«C.). 

0-S75-0-R62 

0-8725-0-870 

0-8755 

80®*88® F. 

80®-88® F. 

93® F. 

l-478-14(i8 

1-4750 

1-4760 

R^due after polymerlaatloii with 
38N.Ht^^04: Turpentlno 

2% (n„W° C.~U,) 



Wood „ . . . 

2-5 (n^ 20® C.-1-495) 



Initial B.P. at 700 imn.: Turpentine 

J60" C. 

ir>r>®-160“ 0. 


\Vo<id „ 

150® C. 



Percentage distilling lieiow 100® 0.. 



8 

Percentag<‘ distilling below 170® . 

% 

87-8-93-5 

80-84 


It nfust be remembered that pinene undergoes decomposition 
above 260“ C. and gives resinous products, so that care has to be 
taken not to* exceed that temperature iduring the dry distillation 
of wood. c 

The Terpenes. —The terpenes are ring compounds containing 
unsaturated linkages and asymmetric carbon atoms, so that the 
variety of their derivatives great and their chemical activity 
is very marked. 


[Tabt.S. 
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Thr Constants of the Terpenes of Turpentine 
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Vezes ® has put forward a polarimetric method for determining 
the proportions of pinene and no-pinene in French turpentine. 

'General ^Properties of Turpentine.—The important general 
propertie.s of turpentine which a varnish maker has to consider 
are (1) its solvent action, (2) its oxidation, (3) its polymerisation. 
Reference must be made to the production of synthetic camphor 
from turpentine (Luttringer and Dubose, BuU. Soc. Ind., Rouen, 
1920, 48, 84). 

(1) Solvent Action .—Its solvent action on sweated and unsweated 
resins has been already dealt with. Turpentine is a ready solvent for 
veritable dTj-ing oils and their metallic salts, and for the metallic, 
resinates. It mixes in all proportions with petroleum. It mixes 
with absolute alcohol and ether, but its solubility in water is small. 
Its viscosity renders it a superior “ thinner ” to white spirit, and 
its low volatility compared with the latter solvent allows greater 
freedom of working on the application of a varnish film. A char¬ 
acteristic smell combined with reliable solvent properties has given 
it a reputation, so that its pre.sence in a varnish is deemed essential 
by some users. Its presence is indeed a decided advantage, but 
is not necessarily essential for all classes of work, because a blend 
with white spirit (suitably selected) will give a result almost equalling 
in many respects that in whicJi turpentine is used alone. It must, 
however, be admitted that turpentine is the most reliable solvent, 
and is preferable, provided that its price is not prohibitive.* In 
some varnishes, e.g. insulating varnishes, it is a disadvantage owing 
to its chemical activity and its tendency to form copper salts when 
in contact with that metal. 

(2) Oxidaiion .—When turpentine is exposed to air and light 
it evaporates and leaves a greasy residue (sobrcrol, pinol hydrate, 
CjoHjjOj), as well as small quantities of cymene (OjH, • CH 3 • CjH,), 
formic acid, acetic acid, and carbon dioxide. Another product of 
exposure of turpentine to air is camphoric acid aldehyde (CjoHijOj). 
In thirty days French turpentine will absorb 3-4 per cent of ite 
weight of oxygen, whilst American turpentine absorbs 4'7 per cent 
with the production of 0-1 jier cent carbon dioxide (Berthelot); 
nevertheless it is stated that French turpentine is more easily 
oxidised than American turpentine. It readily absorbs ozone to give 
an ozonide, decomposable by water and forming o-pinonic acid 


CH,- 


CH- 


-CH, 


\ 

CH-G—CHj CdOH 

\ ,• 

'CO—CH,. 

American and French turpentine evaporate easily at the ordinary 

• Its tow volatility may play a part in the iiaintenanc.> of the surface of a 
varnish film after setting. 
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temperature, leaving a slightly greasy residue. Russian turpentine 
yields a ]uuch larger greasy residue, likewise crude wood turpentine, 
so that these two varieties are not considered to dry satisfactorily. 
No doubt during the evaporation of tui'iicntine the greasy oxidation 
jiroducts tnay bind together the dissolved resin. Generally speaking, 
any catalytic oxklising jiowers may be considered small compared 
with those of drying oils. 

(3) I’ob/meri.sab'oji.—Sulphuric acid will polymerise turjientine 
to give eoloi)h('ne a colourless oil with a bluish fluorescence 

(b.]). 3(K)°-3ir)" C.). It is the formation of these polymers which 
•are made use of in the analysis of turjamtine. If antimony tri¬ 
chloride be used as polymerising agent, a solid substance, C 4 (,H. 84 , is 
obtained, transiiarent and of a yellow colour (s.g. 0-977), which 
is insoluble in alcohol. On heating it depolymerises according to 
the scheme : 

^ 4oH|j4 ~ t'2oH 42 + 2t']oH ]o 
Soluble ill alcohol. 

This change is illastrative of the depolyrnerisation ensiuing in 
the sweating of resins. Turix-ntine absorbs bromine and chlorine 
very readily, and the bromine nijinber of good turpentine is 
215-230 ; iodine is not absorbed directly, but when it is made to 
react the teqK-ne molecule is destroyed, with the production of 
hydriodi(! acid ami other products. 

An imp(jrtant change occurs when turpentine is heated with 
alcohol and dilute sulphrmic acid ; a monocyclic terpene tertiary 
alcohol, ter))ineol (b.p. 110° 0.) {iMe p. 181) isobtained. Terpineol 
is a good solvent for r((sins, but its j)re.senee in varnish mixings 
encourages surface condensation and bloom (cf. Bloom). It has 
been synthesised, together with dipentenc and terpine (a diliydric 
alcohol, (^loHjoOj), by W. H. Perkin, jiuu'., from a hexahydro- 
benzoic acid derivative. 

With reference to the thermal decomposition of turpentine to 
yield isoprene, OjHg, and toluene, S. A. Mahood*“ states that the 
yield of isoprene from gum or wood turpentine does not exceed 
5por cent, and the conditions are not favourable to give remunerative 
quantities of isoprene and toluene for the preparation of synthetic 
rubber. . 

Estimation of Turpentine.-—The great demand for turpentine 
and the variety of s)j.bstituteg render necessary a careful control of 
the purity of th(‘ spirit. ’Each country has its own specification 
(often each Government department). The proposed specification 
by the U.S. Bureau of Chhmistry has been given oh p. 180. 
The British S^ndard Aircraft Specification (X. 21, July 1921) for 
turpentine for aircraft material is as^follqws : 

' Description .—^The material shall be genuine refined turpentine 
of good colour, free frohi water and other visible impurities,/ 

Residue .—^The amount of residue determined by evaporating 
10 0 . 0 . in an evaporating dish (approximately 4 in. in diameter by 
It in. deep) on a bath 5 boiling water, and subsequently heating 
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for a period of two hours at 100° C. (212° E.), shall not exceed 2 per 
cent by weight, and shall be wholly organic and free from tackiiltess. 

Specific h-VaeiO/. '-The specific graiitv I.’)-.')” C. (60° F.) shall be 
not less than 0 S60 and not more than 0-880. 

Flash Pohit .—The flash point (Abel's close teat) shall not be 
less than 90° F. (32° C.). 

Distillation .—When 100 e.c. of the material are distilled in the 
standard distillation apparatus (British Standard S])ec. 21). Ifi) at 
a rate of 3-4 e.e. per minute, not less than 90 c.c. shall distil 
below 175° C. (347° F.) at 760 mm. pressure. The boiling point 
shall not be lower than 150° C. (302° F.), taken immediately after the' 
collection of 1 per cent.* 

Eefractwe. Index .—The refractive index for the D. line shall be 
between 1 -468 and 1 -478 at a tem])erature of 20° C. (68° F.). 

Polymerisation.— The amount of residue left after jiolymerisation 
shall not exceed 6 })er cent, and its refractive index shall not be 
less than 1-60 at 20° C. (68° F.). The iiolymerisation test shall 
be carried out as follows;—40 e.e. of concentrated sulphuric acid 
(s.g. 1-84) shall be placed in a suitable graduated vessel and the 
whole imu)ersed in iced water. 10 e.e. of turpentine shall then be 
added slowly and gradually ipixed with the acid, care being taken 
that the temperatuie does not rise above 60“ C. (140° F.). When 
the mixture no longer warms u[) on shaking, the whole shall be 
thorougldy agitated and the vessel placed in a watcir bath and 
heated to between 60° 0. and 05 ° C. (140°-149° F.) for ten 
minutes, the contents being thoroughly mixed by shaking 
vigorously five or six times during this ])eriod. The vessel should 
be kept unstoppered during this operation. The vessel shall then 
be cooled to room temperature and allowed to stand for twelve 
hours. The residue shall be washed, the amount determined, and 
its refractive index taken. 

This polymerisation method (Arnustrong's) has been modified 
by the writer to overcome the difficulty of separation of the products 
when the turpentine sample contains white spirit." 

Marcusson and Winterfeld" have put forward a method of 
estimating the amount of jxdroleum and aromatic hydrocarbons 
present in a sample of turpentine substitute containing turpentine. 
Into a 100 c.c. flask iprovided with a long neck, graduated in c.c., 
30c.c. of fuming nitric acid (s.g. 1 -.52) are poured and cooled to - 15° C. 
by ice and s(>,lt. By means of a dropping funnel 10 c.c. of the 
turpentine under examination are allowe'd to drop very slowly into 
the nitric acid. The greater the quantity of petroleum spirit present, 
the quickfer may the turpentine be intVoduced. About half an hour 
to one hour is required, according to the purity of the sample. The - 
mixture is allowed to sta«d a! quarter of an hour in the freezing 
mixture and the flask is filled,up to the mark with concentrated 
nitric acid (not fuming), previously cooled* to -10° C., until any 
solid separation has been driven out of the neck. The bulb murt 

* War^lfBce Specification (1920, C.W.D. 408) for tui^ntine requires 70 
per cent at or below 160° C. and not l^is than 90 per cent at or below ITO' C. 
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remain the whole time in the freezing mixture to avoid secondary 
reactions. The volume of the residue (petroleum) is shown in the 
graduated part of the flask to about 2 per cent accuracy. The 
contents arc now transferred to a separating funnel and the lower 
nitric-acid liquid is withdrawn and poured into 150 c.c. water. 
Evolution of heat occurs and more or leas oil separates out, according 
to the amount of the ptitrolcum spirit. The aqueous liquid is heated 
for a quarter of an hour on a boiling water bath and in a fume 
chamber to bring the resin from the turpentine completely into 
solution. After cooling, 100 c.c. ether are added, the water layer 
is withdrawn, (md the ether solution is washed several times with 
water, then with 10 per cent of alcoholic potash (10 per cent alcohol), 
and finally with water. After drying the (ithcr with calcium 
chloride, it is carefully distilled off and the residue weighed. The 
residue is a red-brown oil possessing the aromatic smell of nitro¬ 
compounds. The weight of the oil is divided by 1-15 to obtain 
the volume of the nitro-products of aromatic and cyclic hydro¬ 
carbons, and this volume is added to the volume of the oil insoluble 
in nitric-acid fluid obtained above. * 

The disadvantages of the method are the violent reaction with 
nitric acid and the u.se of ice, morcovar, the separation of the benzol 
from petroleum is incomplete, owing to the solubility of the nitro¬ 
compounds in petroleum hydrocarbons, whilst many ixitroleums 
contain appreciable amounts of aromatic h 3 ’drocarbons. 

The polymerised product of turpentine is colophene and the 
volatile unpolymerised is cymene. 

Another method for the estimation of turpentine has been put 
forward by Tausch,'^ which is based on the oxidation of turpentine 
by mercuric aeetate. When pure turjamtino is heated under a 
reflux condenser for three hours with mercuric acetate and methyl 
alcohol and then steam-distilled, no trace of turpentine is found in 
the distillate. The method may be used quantitatively, and the 
mercurous acetate formed may be collected, transformed into the 
chloride, and weighed. A blank experiment may be done with 
pure turpentine. 

Salvaterra suggests three suitable methods for the estimation 
of oil of turpentine : » 

(1) Tausch’s method, using mercuric oxide, 80 per cent acetic 
acid and methyl alcij^ol. Tlje mixture is heated on^a water bath 
for two or three hours and*then steam-distilled. 

(2) By the action of hydrobromic and bromic acids at 20°-25° C., 
whereby the turpentine is rendered non-volatile in steam. If wood 
turpentine (Kiepol) be present, it is advisable to use a little more 
hydrobromic acid. The method is uflsuitable if tetrahydronaphtha- 
lene (tetraline) be present. 

(3) By treatment of*the spirit with iodine and mercuric chloride 
in alcohol, and keeping the mixture cool and in the dark for six- 
houts. After addition of‘a concentrated solution of potassium 
iodide and excess of sodium thiosiflphate, the solution is neutralised 
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and finally distilled in a current of steam. The volatile impurities 
in the turiientine are found in the distillate. Ry the first method 
wood turiKjntine to the extent of 10 fwr c-ent is volatile in steam, 
but not in the second and third methods. 

For the detection and estimation of ooal-tai' oils reference may 
be made to a pajier by Orotliseh and Smith.’* 

Pine Oil.—The term “ pine oil ” as now understood is the heavy 
oil obtained from the fractionation of crude steam-distilled wood 
turpentine. When the trunk, stumps, and roots of the pine have 
been allowed to remain on the ground for a number of years and are 
then steam-distilled, there are obtained certain heavier oils formed* 
by oxidation and hydrolysis of tlu* terpcnes as tlu; result of exposure 
to the atmosphere. To these heavier oils, which are volatile in 
steam, the term “ ])ine oil ” is properly ap])lied. It is the inter¬ 
mediate product between tur])cntine and rosin obtained on the 
destructive or steam - distillation of ])ine wood, and is the heavy 
oil obtained on the fractionation of crude steam-distilled wood tur¬ 
pentine. Good quality pine oil has a ])leasant aromatic odour, but 
when of inferior qualitj'* it cannot be used for indoor work on 
account of the jx-rnicious odour of the empyreumatic compounds 
which it contains. In paint mr varnish mixings it flows out well 
under the brush, because of its comjmrative low volatility. It is 
a powerful solvent for resins and will hold them in solution in a 
varnish mixing. It has strong penetrating properties like solvent 
naphtha, and when used in an exterior jjaint serves to carry the 
pigment into the pwes of the wood to produce a firm foundation 
coat.’*“ 'Pine oil has the power of retaining a small quantity of 
water, and it is dehydrated with difficulty. It contains a high 
percentage of terpineol, CioHigO, from which terpine hydrate, 
CjoHjoOj-t-H.O, can easily be obtained. Terpine hydrate is also 
a ready solvent for resins.’® Owing to the high-boiling fractions 
present in pine oil it is with diflSculty removed from a paint or 
enamel by steam distillation. 

Wateb-white Pine Oil 

Specific gravity at IS’S’ C., 0'9383. 

Acid value, 0‘27. 

Iodine value, 124'4. 

Flash point, 176“ F. 

Loss on heating on the water bath at 100° C. for 9 hours, 98'7 per cent. 

Loss on evi^poration at 65° F. (2 houml 24 6 pq- cent, (32 hours) 90 per 
cent. " 

Fractional distillation dft 100° C., 2 per cent; 174°-194° C., 7 per cent; 
194°-206° C., 18 per cent; 20,5°-208° C., 28 per cent; 208°-210° C., 63 per cent; 
210°-213° C., 88 per cent; 213°-218° C., 94 per cent; 216°-218° C., 98 per cent; 
218° C., 99 per cent. ^ 

Ultimate analysis: * Carton. Hydrogen. Oxygen. 

PineOa . . . .- . 79 11-2 9 8 

Terpineol requires . . 77’86 ' U'7 10-38, 

American Turpentine (C,oH„) . 87-7 12-1 ., 

Wbod Turpentine . . 86-7, 12-1 2-2 

[Table. 
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Turpentine Substitutes.—With the steadily rising price of 
turpentine and the prospect of shortage in America unless the 
cultivation of the pine forests in that country is methodically 
organised, it is only natural that substitutes for turpentine will 
be welcomed. The requirements for a good turpentine substitute 
are solvent power equal to that of tuqientine and e([ually rapid 
air-drying, leaving little greasy non-volatile residue; the smell must 
be pleasant and resemble, as much as possible, that of riirpentine ; 
the flash point must bo above 73° E. to conform with transport 
requirements. As far as po.ssible, the rate of evaporation of the 
substitute must correspond with that of turpentine and, if thq 
substitute be a blend, the less volatile components must have a 
solvent power for resins and oils equal to that of turjx'ntine. This 
is a point which is often overlooked in the choice of a turpentine 
substitute, and has done much to render them un])opular. If the 
more volatile part of the substitute is a better solvent than the rest, 
then on its evaporation there may be left a film which Is not homo¬ 
geneous and may show pinholing and pitting due to separation of 
particles of the components of the varnish. 

; The basis of turpentine substitutes is essentially a petroleum 
blended with turpentine in varying amounts. If a petroleum could 
fulfil the above requirements, the u.se of turpentine would be un¬ 
necessary. The petroleums arc generally not such good solvents 
for resin-oil mixings or metallic driers, nor have they the same 
viscosity and flow as turpentine.! Certain natural petroleums 
have a solvent power as good as turptintine, but their thinning 
powers are greater, which is a disadvantage ; moreover, when used 
in conjunction with other varieties of petroleum they are liable 
to defects already referred to, in that they are more volatile, 
with the result that pinhole structure of the film may appear. 

The petroleums arc so varied in comj)osition that for comparison 
volatility tests only are carried out. Generally the presence of 
aromatic hydrocarbons tends to improve their solvent power. 
There would appear to be no definite evidence that turpentine 
assists the catal 3 dic oxidation of the gum-oil mixing. It is also 
incorrect to state that any kind of turpentine substitute would 
cause “ bloom ” in varnishes. It is probable that the slight greasy 
residue of oxidises! turpentine facilitates the retention of resin in 
solution in the film, because resins are more soluble in oxidised 
turpentine f^an in turpentine. ^ 

From the experience of the 1906 Test ^ence of North Dakota 
Experimental Station,* the substitution of petroleum for turpentine 
does not give the same results as “where turpentine in moderate 
amounts is used.! Friend (loe. cit.) found that,.for paints on iron, 
turpentine and petroleum nfbdia are equal as to the durability of 
the coating. I 

Wlilte Spirit. —The specification for Wiiite spirit,” given below, 
may be taken, as the most recent for British requirements. This 
specifiwtion covers, the requirements i of white-spirit for use as a 
turpentine substitute in thinn^g paints and varnishes. 



VARNISH SOLVENTS 


189" 


Description. —The material shall be wholly a petroleum product. 
It shall be water-white, clear, free from water and other visible 
impurities; also free from objectionable odour. 

Specific Gravity. —^The specific gravity shall not eiceed 0-800 
at 60“ E. C.'). 

Flash Point.—The flash point (Abel’s close test) shall not be 
less than 7.5° E. (24° C.). 

Distillation. —When 100 c.c. of the standard material are distilled 
in the standard di.stillation apparatus (sec British Standard 
Specification 21 >. 15) at a rate of 3-4 c.c. per minute, not less 
than 80 c.c. shall distil below 190° ( 1 . (374° E.), and not less than 
90 per cent belo\V 200° C. (392° F.) at 760 mm. pressure.* 

Freedom from Grease. —No grease spot or mark shall l)e visible 
on the paper when 3 or 4 e.e. are allowed to fall on a sheet of 
ashless white filter paper, 20 cm. by 20 cm., and the paper is freely 
exposed to the air for one hour at a temjxirature not exceeding 
60° E. (15-5° C.). 

Residue. —The amount of residue determined by evaporating 
50 c.c. in a shallow evaporating dish (approximately 4 in. in diameter 
by 11 in. deep) on a bath of boiling water lor a period of four hours 
shall not exceed 0-2 per cent by weight and shall lx* wholly organic. 

Neutrality Test. —When 10 c.c. of "the material are shaken with 
10 c.c. of distilled water and methyl orange indicator is added to 
the aqueous layer, no acid reaction shall be shown, but when one 
drop of N/10 sulphuric acid is added the indicator shall show a 
penriani-nt pink colour. 

Freedom, from Sulphuretted Hydrogen. —The material shall give 
no reaction for sulphuretted hydrogen when tested hy the method 
described as follows: 

''Method for Testing for Sulphuretted Hydrogen.—50 c.c. of the 
material shall be shaken in a clean stoppered vessel with a small 
quantity of a solution of lead acetate. The lead acetate solution 
shall not become coloured. 


The presence of sulphur or sidphides in a petroleum substitute 
may be detected by the copper strip test : Place a piece of 
polished sheet copper, 2 in. by | in., in the bottom of an ordinary 
porcelain dish. Add 25 c.c. of the thinner under test and place 
the dish on an actively boiling steam-bath until the volatile part 
has disappeared. If the thinner contains elenfbntary sulphur the 
copper will be coloured grey or black.'* 

Coffignier rccoii^end|i the following fractionatj^n values for 
white spirit: , 

Ver ct-nt. I Pci cent. 


TOMOO'C. . . O-l* 

100'’-130° . . 1-62 

130'-140° . • . . 10-17-6 

140'>.1.50'> . . . 31-48 

150°-1B0° . . . 56-5-69 


leO'-ITOoC. . . 35-36 

ITO^ISO" . . . 18-5-26 

18fl»-i90° . . . 10-17 

190°-20§‘’ ... 0-7 


A high-grade white spirit gives generally between 5 and 10 pei 


* War Office Specification (C.W.D. 406) for whits spirit for use in paint 
and for cleaning shell requires 80 per cent distillate at or below 200“ C- 
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oenf non-volatile material above 200° C. (of. Standard Tests for 
Paint Thinners other than Turpentine^). 

It will be evident that from the above figures the rate of evapora¬ 
tion will erfmpare very unfavourably with that of turpentine on 
the application of varnish. If the thinner contains too high a 
percentage of light spirit there will be a tendency for the varnish 
to drag Avith the brush. In that respect tetraline has much to 
recommend it, as 4 jjcr cent boils over between 160° and 200° C., t 
and 96 jier cent between 200° and 206° C. (f.p. 78° E.), but it 
is a slower spirit than turixmtine. Borneo spirit containing 
aromatic hydrocarbons has a much more uniform fractiona¬ 
tion, which improves as the yxircentage of xylol cbntent increases'. 
The estimation of the aromatic hydrocarbons can be effected 
by fuming sulphuric acid in which the paraffin h 3 'droearbon 8 are 
insoluble.'*^ 

For the details of estimation of petroleum in turpentine further 
information can be obtained from Lunge and Keane, Technical 
Methods of Ohem. Analysis, part i., vol. 3; also Chem. Zeit., 1918, 
42, 349, and Salvaterra (loc. cit.). 

Solvent Naphthas.—These are fractions in the distillation of 
coal tars and consist of liquids containing %olid hj’drocarbons.. 
Their odour and toxicity have limited their general use, except 
in sjx'cial cases of stoving coatings. The fractionation range is 
very varied from that of benzol (s.g. 0-88, b.p. 81° C.), with toluol 
and xylol, to heavy benzol and solvent naphtha, boiling between 
130° and 175° (!. 


■Illllll 




Xyiol. 

Higher 
Horaologuce 
of BeozoK 

*Benzol (90 per cent) • 
Benzol (50 per cent) . 
Benzol (heavy) . 
Solvent Naphtlia 

below 7;r F. 

above TS"" F. 

84 

411 

13 

40 

6 

3 

11 

5 

r 70 

1 35 

95 

26 

65 


Coal-tar oil (s.g. 0-942) contains 66 per cent boiling between 
80° and 160° (!., ^with 20 per cent distilling over above that 
temperature, and leaving a solid residue. 

For the estimation of xylol in solvent naphtha, Spielmaim and 
Jones “ statif that 100 c.c. solvent flapttha ^ave by their method 
22-1 per cent (b.p. to. 138° C.) and 69-7 c.c. between 13^ and 
170° C., i.c. 63 per cent xylol and paraffin, of which 8 per cent was 
shown to be paraffin, making the total percentage of xylene to be 
55 per cent, y The solvent pjoperties of xylol are excellent, and ' 
although there is a prejudice against its general use in varnish 
making,' no doubt thw will be overcome if proper precautions are 
talLen with respect to its blending and use, so that it promises to 

The*tenn 90 per oent benzol means that 90 per cent of the spirit wiU 
distil oyer below ! 00“ C. 
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be of value.’ ’ It is not advisable to apply it on undercoats \Huoh 
have not dried properly; otherwise its great solvent properties may 
soften them. There are, however, many other defects which arise 
from application of a varnish on a soft undercoat of paint or varnish.’ 
Due consideration must lx; taken of the deleterious effect of aromatic 
hydrocarbon vapours on the human system. According to some 
authorities the action of turj)cntine vapours is by no means in¬ 
nocuous, but this is not generally accepted. 

It must 1x5 remomlx-rcd that benzol products contain small 
quantities of thiophene and carbon disulphide. Eor the 

detection and estimation of sulphur in petroleum see Marcusson ^ 
and H(!rzfeld.“’* < Francis and Crawford ^ state that the best method 
of detection of sulphur compounds in jx'troleum is by heating 
with sodium, and aftei- treatment with water and neutralisation 
with hydrochloric acid, the addition of p-aminodimethylaniline 
sulphate and ferric chloride gives methylene blue. Fusion with 
sodium peroxide is stated to give accurate quantitative results, 
but 15. Blount’^'’ considers that estimation by the Carius method 
is the most reliable. 

Coal-tar oil contains, in addition to behzol with its homologues, 
naphthalene and tar spirit. 

Tar Spirit.—Tar spirit is a valuable solvent spirit in black 
stoving japans, bccau.se of its power to hold in solution polymerised 
resins, oils, and metallic driers. Ite colour, unpleasant smell, and 
low volatility render it undesirable in air-drying varnishes. It 
is obtained from the middle or creosote oils in the distillation of 
coal tar, and is essentially of a phenolic character. Its composition 
is very variable. The specific gravity may vary between 0-94 and 
1 -037, and its acidity between 27 and 116. On di-stillation a sample 
of tar spirit may give 18-2.7 per cent distilling over below 180° 0. 
with a specific gravity of 0-86. Below 270° C. i)4'5 per cent may 
distil over with a specific gravity 0-93, leaving a residue of a viscous 
liquid amounting to about 20 per cent. 'The acidity is sometimes 
reduced by treatment with alkali before being employed ■ as a 
solvent in a black japan.' 

Tetraline.- Bythe hydration of naphthaleneat 160°C. withanickol 
and copper oxide catalyser, fluid hydrides of the hydrocarbon are pro¬ 
duced. Tetraline (C],H, 2 ), the tetrahydride of naphthalene (CjoHj), 
has a s.g. (15° C.) 0-977, h.p. 1,70°- 206° C., and f.p. 78° C., with 4 per 
cent distilling over tetween 1.70° and 200° C., and 96 per cent from 
200° to 206° C.* ' Blor^ed witl),petroleum and turpent^e, it gives a 
substitute which is satisfactory for colours and yields a hard film.™ 
'Tetraline has been recommended in Germany as a turpentine sub¬ 
stitute?.™ (It is stated that 20,(100 tons of tetraline were usecl in Ger¬ 
many in 1920, largely as a substitute for turpentine in boot polishes! 
A disadvantage of tetraline is that Vhea used in white enamels 
a reddish discoloration is produced in the film, which is not due 
solely to the presence of a basic white pigment, although it is not 
so marked when lithopone is used. The cause is «aid to be due 

* The absorption of oxygen* proceeds rapidly in’ the presence of basic 
substances. *. 
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to thfe oxidation of the resin present, and retardation of the drying of 
the film seems to inhibit its occurrence. Zinc oxide enamels may be 
thinned with tetraline, it not too much resin is present, and if the 
oil has been -previously treated so that it will dry to a hard glossy 
film without containing resin.®* Another cause may be the oxida¬ 
tion of manganese driers in the presence of tetraline to give traces 
of a pink manganese compound. Owing to its solvent action on 
linoxyn it will soften undercoats of paint or varnish. 

Dekallne.—The dekahydride of naphthalene, dekaline, has been 
jnit forward as a turia-ntine substitub!. 

Dekaline (t'jdHig) resembles turpentine in its properties more 
than tetraline. It evaporates more rapidly than bdraline; it, 
does not dissolve linoxyn and does not cause any softening of the 
undercoat. There is no reddish discoloration when used in white 
enamels. It dries more .slowly than turpentine and ))osses.ses a cam- 
phoraccons odour. A mixture of 70 per cent of tnrfamtine and 30 
per cent of dekaline possesses the smell of tui iamtine. At present 
tetraline and dekaline must be looked upon as war substitutes, as 
their prices are too high, except in (Tormany, to compete with 
American or French turjientine. The solvent properties (if tetra- 
line and dekaline for rosins and oils are better than turpentine,®® 
although it is stated that dekaline is practically equivalent to tur¬ 
pentine in solvent power. E. Meier ““ gives the following comjiarison 
of tetraline, dekaline, and turj.ientine : 



Specific 

Gravity. 

FIuhIi 

ruiiit. 

Kva])orutloi) 
per mlHute. 

Tetraline, b.p. 205^207'’ C. . 

0-()75 

78" C. 

014 per cent 

Dekaline, b.p. 185*^ C. . 

0-900 

60" C. 

O'.'jS per cent 

Turpentine. 

0-87 

32" C. 

0‘58 per cent * 


■ Compare also S. Smith, Citem. Trades Journ., 1020, 2&:5, ami N. Ileat-tm, Journ Oil and Col. 
Chem. Asisoc., 102:1, 39, Wo. 20. 

* Pi'kc in (lerinany, 31/3/22, 19-30 M. per ke. Botit dekaline and tetraline arc largely 
used in boot polishes. A mixture of tetraline and dekaline (1:4) is known us tetraline extra. 

other Varnish Solvents.—Mention must be made of a number 
of other liquids which are used as varnish thinners. Methyl and 
ethyl alcohols, ether, acetone, and carbon tetrachloride have been 
already refelred to, and in connectioii, with> cellulose varnishes a 
aeries of alcohols, butyk alcohol, amyl alcohol (fusel oil), and'esters, 
e.g. methyl formate and amyl acetate, will be discussed later. 
Nope of the above are used in oil varnishes. 

‘ Chlorinated Hydrocarbons.^-Recently a series of chlorine deriva¬ 
tives of ethane and ethVlene have found limited use in certain 
varnishes, because of their good solvent projxjrties and their unin¬ 
flammable and non-explosive vapours.) They have been employed 
as dope solvents, but the slow poisonous action of their vapours 
has made it impossible to continue the& use. 
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Dichlorethyleno CjH,Cl, 
Trichlorothyleiie CjHClj 
Tetrachlojethano 0,HjCI, 
Tofcrachlorethylono C2CI4 
Pontachlorethane C2HCI5 
(I’eiitaliiio) 


B.P. Sp. Gravity. 
55" C. • 1-25 

8S" C. 1-47 

147° C. 1-60 

121" C. i-e2 

159° a. 1-70 


TetrachlorcUvanc in olitaiiiod by the action of chlorine on 
acetylene in the prenenee of antimony jicntachloridc!. The union 
of elilorine with acetylene is never free from danger, and the acetylene 
and antimony ]jentachloride compound Is treated with chlorine and 
acetylene alternately.’* The other chlorine derivatives are formed 
by the action of slaked lime on tetrachlorcthane or by further 
chlorination. 

2(CH0L—OHt!!..) + Ca(()H)., - 2(CH(:i: OClj) + (’aCla 1 2HjO 
CHCl = (JCI 2 + VU = CHClj - OOla 
2 ((!H 0 l 2 - (IOI 3 ) + Oa(()H >2 - 2 ( 0012 ; OOlj) ) 0 a 0 l 2 + 2 H 2 O. 

Their action on metals is described by Gowing-Scopes.” Di- 
ohlorethylene appears to have the least action, but in the presence 
of water its action is stinndated owing to the jwoduetion of hydro¬ 
chloric acid. The same author shows that resins are not easily 
soluble in the.s(^ chlor- derivatives. 






C-HCIa. 

C2CI,. 

Kobin 

(^opal 

Kanri 

baminar . i 

very sol. 
up to 7% 
20% 
20% 

very ml. 
1% 
i <>. 

* /o 

7% 

«o). up to 7% 

1% 

20% 

sol, to 7% 
up to 7% 

1% 

20% 

only 1% 
up to 7% 
1% 
20% 


They would be of little use in oil varnishes, and present no groat 
superiority, with only a few oxee])tions, over cheaper and harmless 
solvents. They an^ good solvents for acetyl celluloses. 

Mmochlor- (b.p. 132° 0.) and dichhrbenzol (b.p. 172°-179° C.) 
have been proposed as special solvents, but their strong physiological 
action is unfavourable. They are stated to give slightly matt films 
in spirit varnishes. Cyclohexaml (Hexaline), CjHuOH, b.p. 160° C., 
f.p. 68 ° C., and %meth.yle.ychhexaru>l (Heptaline), GH 3 • CgHioOH, 
b.p. ]70°-180° C., f.p. 68 ° C!,.jnay be used as special solvents instead 
of turpentine.” H<sxaline is obtained by thg catalytic reduction of 
phenol, which loses its phenolip properties through the introduc¬ 
tion of hydrogen into the hydrocarbon ring. Heptaline is obtained 
by the reductioir of crcsol. It is stated that manila and kauri 
copals are easily dissolved by hexaline and heptaline, and are not 
precipitated on addition pf linseed oil. Metallic salts of fatty and 
resin acids, likewise acetyl cellulose and rubber, are also soluble, 
but their most remarkable property is that of solubility in aqueous 
soap solutions and their power to absorb other solvents, e.g, benzol 

o 
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and bonzino, ■when in that condition.®^ Cyolohexanol and cyclo¬ 
hexanone are good solvents for Japanesi; lac.* 

Fusel Oil.—Tho production and properties of propyl, isobutjd 
alcohol and d-ainyl alcohol and isoamyl alcohol, the whole con¬ 
stituting the fusel oil from potato and grain spirit, are fully described 
in Monicr-Williams' Pmver Alcohol and in H. Wolff's Die iMsungs- 
miUelder Fette., Ole, Wachse it. Harze, and only those characteristics 
which are of interest to the varnish maker may be mentioned. 
Fusel oil boils between 90° and 192“ a<a'ording to its grade. 
As a solvent for transparent bleached lac it has the pro|K'rty of 
imparting good flow on the work, and owing to its slight affinity 
for water the lacquer lllms dry clear at the ordinary temperature, 
in contrast to the milky appearance when a more volatile hygroscopic 
alcohol is used. It must be pointeil out that (vare must be taken 
in using the alcohol as a solvent, as thi^ vapour, if in a concentrated 
form, has toxic ])ro|Hirties. Its acetic ester, amyl acetati', is an 
excellent solvent for nitro-eellulose, and mixes freely with all oils 
and fats, and with organic solvents generally. It boils bitween 
110° and 150° (. 1 ., deiwiujing on its (piality, and its va])our has no 
deletei ious effects when proper })recautions are taken. 

Hexaline AeeUile has Is’cn ])ut forward as a substitute for amyl 
acetate ; it is less volatikn and a bitter solvent. 

Methyl ami Ethyl Formates are of interest only as solvents for 
acetyl cellulose. 

Acetone, is an excellent .solvent for oils and fats as well as of resins. 
It exercises a great sofOmiug action on a (hied varnish film, and 
enters largely into the eomjiosition of varnish removers. Although 
fatty acids are soluble, the alkali salts of the solid acids (e.sjiecially the 
potassium .salts) are only with difficulty soluble. Faehini and Dorta®^ 
make use of this protxrty to separate solid from liquid fatty acids. 

• Acelme Oil is the residue left in the rectilication of acetone, 
and coasists of ketones of variable eomjiosition. Mcthylethylketone, 
CH3C0(!H2CH3, is contained in the colourless fraction (b.p. 70°-120° 
C.). The heavier oil (b.p. 120“-250° (1.) is of a yellow colour and 
only slightly soluble in water. The high solvent power and slow 
evaporation render it useful in the varnish industry for sjiecial 
jrreparations, but it is apt to be variable in its behaviour, and its 
rather unpleasant odour does not make it jiopular. It would seem to 
bear thcsamerelatiftnshijjtoacetone that fusel oil does toethylalcohol. 

Physiological Action of Varnish Solvents.—In addition to the 
projierties the substances descri(hed in this section, it is most 
important to consider whether their vajrours will have any deleterious 
action on the health of the workers. In a lecture delivered before 
the Royal Society of Arts (1921) on Industrial Jliseaseand Immunity, 
Sir Kenneth Goadby stated that not only is the direct action of 
the vapour to be ennsMered, but also secondary diseases non- 
sjjecific to the industry which may be induced by the occupation. 
His investigations showed that the usual painters’ colic, the acute 
attacliirof abdofninal pain contracted by breathing the air of newly* 

* Cyclohexonoue, C«HipO, ih a cyf.lic ketone and is an oxidation product 
of h«»xalino. ' 
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painted rooms, was due to turpentine poisoning, and is usually 
attributed to lead jjoisoning. Again, arterio-sclerosis resulting in 
increased blood pressure was a common disease ara^ng painters, 
although white-lead painters showed a lower blood pressure than 
those working with le.adiess paints. It would ap]>ear as if the 
vehicle which the painters use were a factor in the cause of the 
disease. 0. T. Kingaott ’” contradicts the statement as regards 
tur|)entine for the following reasons : The Sanitas Co. in one 
particular ])art of their factory have a numlxu' of oxidi.sers containing 
thousands of gallons of tiirj)entinc (ionstaritly in action, so that the 
air is fairly fully charged .with turpentine va|)our, and yet during 
*a i)eriod of more than forty yciar.s not one of the workers has been 
known to suffer from trouble ot any kind, neither abdominal trouble, 
nor headaclu', nor suffering of any land. This statement can bo 
<!onfirm(‘d by the writer from his knowledge of the conditions of 
a varnish thinning shoj). 

One nnist distinguish h<dwe<'n poisoning due to a high con- 
centratifui of vapour under abnoi nial conditions and poisonous 
effects wdien small quantities of vapour are pre.sent in the air under 
ordinary cireumstances. No one can deny that turpentine has a 
])hysiological action on tlu! huTiian system, but undc^r ordinary 
conditions, with projHT precautions as" to ventilation and eloanliness 
on the part of the worker, therr- are no ill effects from its use. , The 
action of turismtine, on the whole, is le.ss harmful than the other 
solvents employed in the varnish industry. With refcu'cnce to 
turpentine substitutes containing petroleum, good quality material 
is relatively hartnless in a well-ventilated room. The ])resence of 
ey<!lie hydrocarbons increases the action of the iJctroleum, which 
acts es.s(!ntially as a nerve )ioison, [irodueing, when inhaled in strong 
concentration, ))aralysis of the limbs, headache, and unconsciousness. 
If by any chance an excess of vapour of turjxmtine or petroleum 
has produced such synqdoms, then the first-aid treatment must 
be to bring the patient into the fre.sh air. In removing varnish 
from the hamls frivsli turpentine or a good neutral white, spirit 
should he used, but the hands must Iw' carefully dried, especially 
between the fingers, otherwise the skin is slowly destroyed and 
suppuration may ensue by continued contact of the spirit. 

UimKol is a nerve jioison like iietroleum, but is three or four 
times as strong, and acts also on the blood; wflilst crude benzol is 
much stronger in its jioisonous aidivity. The statement does not 
.apply to vapours presiifit injovreoneentration. Of the^wo ordinary 
isolvents, tuv]>ontine and uhite spirit under jjropor conditions appear 
ito have no ill effect on the wqj'kman. With benzol, and ospecially 
crude, benzol, care must 1x> taken. 

In reference to the newer solvents^ tetraline, dekaline and cyclo- 
hexanol, more experience is required, although they are stated to 
be quite harmless.*® 

The chlorinated hydrocarbons are dangerous, especially tri- 
chlorethylene and tetrachlorethane. The vapour of tetrachlorethane 
acts on the liver with fatal results, and although it is a good solvent 
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for aJxjtyl cellulose, its use has been forbidden. Reasonable care is 
required in handling chlorbenzol. Of the alcohols used in spirit 
varnishes, the vapour of methyl alcohol is dangerous and the use 
of wood naphtha requires very careful attention to the conditions 
of working. Amyl alcohol (fusel oil) may cause headache if the 
ventilation is inadequate. Acetone and ether require similar pre¬ 
cautions. Carbon disulphide is o.specially dangerous, and its use 
should be avoided as much as possible. None of the substances men¬ 
tioned above, v ith the exception of carbon disul])hide, chlorinated 
hydrocarbons, and methyl alcohol, have serious effects on the, 
sysUun, provided proper jireeautions be taken for ventilation and 
cleanliness of working. Much more thorough investigation of the' 
physiological action of industrial solvents is desirable. It is often 
difficult to draw conclusions froin the results with animals; cf. the 
difference in action of hydrocyanic acid on a dog and on a man. 
Moreover, the action dej)ehds on the adaptability of the individual 
and on the normal state of health. It is of the highest importance 
that, before a new solvent be put on the market, a careful study 
be made of its physiological effects, beeau.se the success of its us<.i 
depends not only on the quality of the solution produced, but also 
on the inactivity of its vajioiu- on those who have to apply it. 
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CHAPTKR XH 

OIL VARNISHES 

A VARNISH may he defined as a liquid which dries by exposure 
to air at the ordinary or at a higher temjjerature to a more or less 
hard transpan-nt lilm, giving protective action or decorative effect 
to the surface to which it is aj)plied. There are exceptions to 
the transparencies of varnishes, notably those known as Black 
Japans, their transparencies being apparent only in very thin layers. 

Varnishes may be classified broadly into three varieties: 

(1) Those which consist of a medium similar to that of paints 
(e.g. linseed oil, or other drying oils, and thinners), the hardness of 
which may or may not be increased by the addition of certain 
other substances miscible with or soluble in drying oil (e.g. gum- 
resins, rosin, pitches); such varnishes are classed as oil varnishes. 

(2) Spirit varnishes, i.e. varnishes which consist of a solution 
of a resin in a volatile solvent or mixture of solvents with or without 
non-solvents. 

(3) Varnishes consisting of the natural products of a tree, 
drying by oxidation assisted by (mzyme action, e.g. Chinese, 
Japanese, and Burmese lacquers. In this class may be included 
certain olooresins of the tyjs' of balsams, sucl^ as Canada balsam, 
or Venice turps, which are natural products cRpable of drying in 
the air to give hard transparent films. , 

Manufacture of Vamithef.—Oil varnishes represent the most 
important of the three classes referred t». For general purposes 
oil varnishes may bo said f® consist of four constituents, resin, 
drying oil, a volatile solvent, and an accelerator of oxidation (drier) 
of the drying oil and to a lesser degree of ^he resin. These pr^uots 
“ dry ” to a hard film mainly by (^idation of the drying oil in its 
semi-fluid union with •the resin, assisted by evaporation of the 
volatile solvent. The application of a film or coat of varnish to 
a surface is donp primarily vdth’a view to affording protection 
against atmospheric weathering,,wear and Wr, etc. There are 

n>r 
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exceptions, however, when the main object aimed at is to confer 
decorative effect by giving gloss or tmhancing the beauty of the 
grain of wood. Eor either jmrpose certain of the constituents of 
oil varnish Jiave the same effect. In the piano trade the high 
gloss finish is greatly prized, and French polishing has been largely 
replaced by varnishing, whereby after aj)plication of throe coats 
of varnish, brushed or sprayed on, a highly polLshed surface is 
produced in a few minutes by rubbing over with a liquid supplied 
with the varnish. An American polishing oil consists of a non¬ 
drying mineral oil (motor oil), with a little pumice or rotten stone 
mixed in, which is rubbed on the varnished surface (thoroughly 
dry) with a felt pad or a short bristle stub and a round pound brush.' 

As stated in a former chapter, linseed oil dries to a tough elastic 
film, but neither its hardness nor gloss is sufficient for satisfactory 
protective action or for desired (lecorative effect. The ri'sin (the 
term com))rising “ recent " and " fossil ” resins) is on the other 
hand a body devoid for all ])ra<-tical pur|)oseH of elasticity, but 
generally hard, fairly resistant to atmospheric cfft^cts and there¬ 
fore stable, of high refractive index and hence conferring glos.s. 

Although the mixture or combination of oil and gum in a varnish 
does not ])osses8 the same high vist^osity as it acquires after oxida¬ 
tion or drying, the unoxidised li(|uid is yet of such a viscous nature 
that it would be impossible of application without the addition 
of a diluent. This introduces the question of the volatile solvent. 
The solvents usually employed are turpentine or “ white spirit,” 
the latter representing a fraettion of ])etroleum distillate having a 
flash point, mobility, and degree of e vaiKu ation more or less approach¬ 
ing tho.se of turpentine. Other diluents are used as turixmtine 
substitutes ; shale naphtha, .shale spirit, petrol, solvent naphtha, 
from coal tar, etc., but on account of their unj)leasant smell, low 
flash point, or other objectionable features, they Imd limited appli¬ 
cation only for special purposes. 

The question of the emifioymont of genuine turpentine or its 
most popular substitute, “ white s])irit,” has occupied the attention 
of varnish manufacturers to a considerable degree in recent years. 
On the whole, it must be considered that genuine turpentine is 
the most reliable solvent to obtain greater stability of a varnish 
mixing, to ensure easy application, satisfactory flow, and more 
reliable drying. Su?;h an assertion is based on the fact of the smaller 
range of distillation temperature of turprmtine (the petroleum 
distillate bcir|; a mixture of hydrocitrbqns o6 near boiling points), 
its more familiar odour,rits good solvent power for resins and oils, 
which increases on exposure to air, and oxidation, and its very 
limited power of absorbing oxygen, which may stimulate to a certain 
degree the dr 3 dng of the vajnish film. In a previous chapter' 
(p. 188) reasons have been put forward for the preference for 
turpentine over other solvents, and it is wisp, to emphasise them, as 
well as the fact of its more suitable viscosity and the slight solvent 
power the uVidercoat, which some thinners possess to a high 
degree, whereby a sin&ing in of the coating is sometimes observed. 
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Coal-tw naphtha, known as “ solvent naphtha” in the trade, has 
a greater solvent power for the usual components of a varnish 
than turpentine, but its unpleasant odour and toxicity are re¬ 
sponsible for its general unpoindarity as a turjamtine substitute. 
It must be pointed out that tur|)entin(! confers no marked sujierior 
durability on the varnish lilni. 

The remaining constituent of oil varnishes is the drier or 
accelerator of oxidation. The mechanism of the action of driers 
has been refened to in an earlier ehajder, but it may be stated 
here that, of the metals known to iiosscss catalytic action in 
accelerating oxidation, only the compounds of lead and manganese, 
‘and of late yeifrs, cobalt, have found general use. These driers 
are introduced either as oxides, eai bonates, et(\. or as the metallic 
salts of an oil or resin acid. In the former ease the high hunpera- 
ture necessary for their solution restdts in a darkening of the 
finished product, so that the metallic ” linolcates ” or “ rcsinates ” 
find favour by reason of their solubility at low tem^K'i'atures.^ 

From the foregoing it will Is' gathered that for all practical 
purjxxses the main constituents of the varnish film are the vegetable 
oil and re.sin. 'The simple.st typ(' of varnish would therefore consist 
of a solution of common rosin in linseed oil, with the atldition of 
a suitable (bier, ri'duccd to a working consistency with turpentine. 
Such a prejearation would indeed constitute a ” varnish,” and 
it is regrettable to state that it has in the past found a (certain sale 
at the hands of unseruimlous dealers, ('onsideration of thec nature 
of the non-volatile pottion of such a preparation will show its 
poor properties ami the results to Ih' (‘Xiceeted from its use in ])ractice. 
In the first place the men' fact of the ready solubility of rosin in 
linseed oil is such that amalgamation of the two will take place 
at comparativi'ly low temperatures, so that the linseed oil, having 
received no heat treatment to polymerise its glycerides to com- 
})Ounds resistant to atmos])heric weathering, will on progressive 
oxidation show all the disadvantages of instability referred to in 
a former chapter. Moreover, the polymerisation of linseed oil is 
attended by an increase in refractive index, and the gloss resulting 
from or conferred by the oil constituent in the varnish will be a 
minimum. The other constituent, rosin, pos8es.ses cgi tain properties, 
e.g. a tendency to slow crystallisation of the fusc'd abietic acid 
and th(( production of a water-soluble varicHy, whi((h render it 
unsuitable as a (jonstituent of a varnish except under eei'tain circum¬ 
stances. Moreover, i| is unstable to atmos])heric. effect, Iwing prone 
to oxidation, csjiecially in*a thin film, and its oxidStion causes a 
reduction in weight and in Jjody, which latter effect'results in a 
shrinkage of the surface apparent as cracking of the film. It has 
been stated that abietic acid gives ptroxyacids capable of degrada¬ 
tion, although resenes (stable inalctive bodies) are formed at 
the same time. Paul |loc. eit.) has found water-soluble modifica¬ 
tions of aWetic acid produced from colophony, and also that some 

* The solubility of the “ rotates ” ihcreases with the resin acidity of the 
mixing. • 
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of the oxidation products are soluble in water. The low melting 
point, low refractive index, lack of toughness and hardness, and a 
tendency to powder when rubbed up, contribute to the general un¬ 
suitability of ordinary rosin as a component of linseed oil varnishes 
except in comparatively small quantities. 

In a general consideration of the product which long experience 
has shown to be composed of those ingreiUents which go to make 
a satisfactory varnish, viz. linseed oil and suitably treated fos.sil 
gums, it can lx; demonstrated how the necessary projjertics of the 
finished varnish arc contributed by the ingredients. In view of 
the great diversity of projjerties of varnish components, it will 
be understood that many are apparently latent, and in .some ca.ses' 
it would seem as if the s})ecific projx'rties were not worthy of con¬ 
sideration. However, in distinguishing high-grade produets the 
small differences in the. properties of the eomponents become 
manifest, and the connection between compo.sition and properties 
is clearer. A preliminary word is necessary on the subject of the 
fossil gum or resin. On examining a specimen of a fossil gum such 
as African Animi, Conge, copal or amber, its apparent suitability 
as a constituent of varnish is at once evident in so far as its brilliance 
and hardness are concerned. Thus it would siiem that the ideal 
varnish might be obtained, if the hardness and lack of elasticity 
of one of these fossil resins were te-m])ered by the influence of 
iinoxyn from linseed oil. 

Unfortunately there is no means whereby such a blending of 
properties of the two substances can l)e obtained, as the fossil 
gums (with the exception of kauri) appear to be quite insoluble 
in or immiscible with lin,seed oil. The high degree of poly¬ 
merisation is considered to b<! the cause of their ftisolubility in 
linseed oil. However, depolymerisation of the gum, resulting* in 
complete solubility in the oil under suitable conditions, is obtain¬ 
able by a process of destructive distillation known among varnish 
makers as “running.” In this treatment the depolymerisation 
is generally accompanied by a partial decomposition of the acids 
of the resins to yield anhydrides and rcsenes. The solubilised 
fused or “ run ” gum is, however, quite different from the gum 
in its native state, a considerable darkening in colour and a certain 
loss of hardness having occurred during the running process. The 
“ run ” product will' have tecome soluble in linseed oil, whilst the 
hardness and high gloss conferred on the gum and oil combination 
will, under or(^inary conditions of praeticp, bear a direct relationship 
to the properties existing in the natural product. 

To understand the condition in which the several constituents 
exist, a brief account of the process of manufacture will be advisable. 
A description of the preparatjon of varnish on a laboratory scale' 
will serve as an introductibn to the large scale process. 

The first part of the process consists ii) the fusion or running 
of the gum. Small pieces of gum, e.g. Congo, broken in pieces 
(the 8ize>of peas', are sifted free from dust and introduced into a 
260 e.c. silica beaker. •The gum should not fill more than one quarter 
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the capacity of the beaker, on account of the great amount of frothing 
which occurs during the running.',. The beaker is heated over the 
free flame of a Bunsen burner, bare being taken that ttie flame does 
not play above the height of the gum in the beakerj 

(The first effect of the heat will be to sinter together the individual 
particles of the gum, the whole forming a ttxiacly mass, whilst 
quantities of terpenoid vapours are evolved.' As the heating 
continues, the fusion will extend to the slow’ heat-conducting particles 
of gum, until the treacly mass will have become conv-erted into 
a viscous liquid. Considerable quantities of vapour are evolved, 
,re.sulting in mu(;h frothing and a rise of the contents of the beaker, 
whilst tile comjiletely fused gum will begin to collect as a liquid 
darker in colour than the unfused gum. The heat is so regulated 
and vigorous stirring is continued that the maximum rapidity of 
complete fusion is obtained consistent with ailequate control of 
the frothing. After heating for about thirty minutes, depending 
on the nature of the gum, the contents of the beaker will have 
become eonqiletdy fluid. Although Ihe temperature throughout 
the mass will be higher than at any previous stage in the ojxTation, 
the head of froth will have considerably diminished. At this 
jxrint the appearance of a sample withdrawn on a thin narrow 
metal spatula and allowed to fall back into the beaker would indicate 
to the practical gum runner the state of completeness of the fusion, 
as obviously larg(? scale practice does not permit of inspection 
through the walls of the metal vessel used. At this stage the 
tem^wrature will varj' with th(! nature of the gum, the harder 
resin (Animi, Congo) requiring a higher temperature than softer 
resins such as Manila., The gum is now ready for the addition 
of the oil. /At tliis point the evolution of vaj)Ours, which is con¬ 
siderable, is res|)onsible for a loss of fr»m 15 to 30 j)er cent of the 
weight of the gum taken, the degree of loss dejieiiding on the fossilisa- 
tion (age) and the hardness of the gum. There appears to be a 
more or less constant figuie for each class of resins representing 
the minimum loss in weight which must occur under factory condi¬ 
tions before complete solubility in the linseed oil is obtained, but 
it is doubtful whether this statement is strictly correct, and it rvill 
be criticised later. It has been proposed to check the progress 
of the operation by noting periodically the weight of the contents 
of the pot during fusion, but this is tedious anif unreliable. 

(Under ordinary conditions of heating, too small a loss results 
in partial or even cotrplef# insolubility in oil, whilst^excessive loss 
results in reduction of hardness and darkening of colour of the 
finished product. The fused ^m is, however, not so soluble in oil, 
as is the case with many other products possessing the same range 
of solubility in* different concentration; thus, if it be desired to 
make a varnish composed of equal weights of gum and oil,, the 
addition of the whole of the oil at once would induce a chilling of 
the gum with a consequent lowering of temperature, and would 
Qftuse its immediate preciyitation.^ In practice fhe oil is added 
hot, in small portions, until a te^t spotted oft glass shows a mUky 
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appearance on cooling, indicating that th(! union of the gum and the 
oil is becoming in(!omplete. The temperature is then raised until 
a teat sainplp shows by its clearneas on cooling that complete union 
of the two has been brought about, when a further addition is made 
until th(! whole of the oil required has been introduced. The 
remainder of the treatment necessary to convert the mixing into 
a finished varnish Is the addition of a suitable volatile diluent to 
render the product easy of application. The acceleration of its 
drying powers is brought about by the introduction of a drier .1 
The viscous resin-oil substance is removed from the source of 
heat and allowed to cool to a tenpieratun; approiiehing that of the 
boiling ))oint of the solvent chosen, I(i0“-I70° ()’. in the case o^ 
American turpentine. Addition of thimiei' is then made, care being 
taken that thorough stirring is maintained during the addition so 
as not to cliill locally particles of th(' ))roduct. The quantity 
required will depend not only on the viscosity- desired for the linished 
product, but on the consistency of the varnish kiforc addition of 
the thinner. The acceleration of drying pro|H!rtics in the product 
is obtained, as already .stated, by the addition of a compound of 
one or more of those metals which are used to promote drying 
properties in oils, such as Iciwi, mangane.se, cobalt, etc. The 
catalyst may be in the form of an organic com])ound of the metal 
soluble in the finished varnish, e..g. lead, manganese, or cobalt 
linolcates, or rosinates, and may be introduced either after the 
addition of the thinner or by causing union of the metallic baw! 
of th(' catalyst eho.s(m with the gum and oil at an elevated tem- 
jwrature (2(i0"-S00" (I) kdore the addition of the thiimer. In the 
latter case the base combines partly with any free fatty acid or 
rosin acid pre,sont, and if in sufficiently large quantity may partially 
saponify the ne.utral glyceride of the oil. 

• Running of Gum.—The manufacture of oil varnishes on the 
factory scale differs in no material respect from the laboratory 
procedure desoriljed above. The fusion or “ running ” of the gum 
{see Fig. 25) may be performed in copper, aluminium, or ferro- 
nickcl vessels of various shajxis and capacities (30-100 gallons). 
In some cases the pots have a sheet-iron body with copper bottom. 
The dimensions of an English running pot for a charge of 60 lb. of 
gum are 3 ft. high, 2 ft. up|xir diameter, IJ ft. lower diameter. 
In England the chifrge. of gum per ]M)t may be as much as 112 lb. 
or more, with corresjxuiding nuxlifieations of the dimensions (Figs. 
26a, 25b, and,25c'). In America thcgupi running pot for a 125 lb. 
charge is 3 ft. high and 3 ft. diameter. In IVance the pots are 
much smaller, and often contain only^a 6 kilos, charge of gum. 

''Harrison* has investigated the effect of the metal from which 
varnish kettles are made oij the colour of the ‘products. The' 
experiments were on the‘laboratory scale only with iron, copper, 
aluminium, and copper-aluminium alloy pojts. Each pot was used 
in the preparation of heat-bleached linseed oil, bodied oils, rosin- 
tung-liweed oil', and Congo-liilseed oil varnishes. The producfn 
were graded in colofur to Lovi,bond tintometer inspection. (In 
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general the varnishes prepared in aluminium kettles were the palest, 
those in aluminium-eoppor alloy j)ots were next in order, followed 
by those in eopixv, and the darkest were from the iron receptacles, 
but the results were not strictly uniform. It is stated that a 
eoj)j)er-aluminium alloy vessel corrodes less than a copper vessel 
on heating. With large aluminium pots the heavy walls prevent 
rapid cooling of the mixing, and large holes are frequently burnt 
through the bottoms of the kettles, due to the settling of the dirt 
which causes local overheating. The discoloration of the varnish 



Kkj. iir>. (iitm mcltinK i>ot (Eimllsh), with cover. 

products is ))robably not duo entirely to the .soArtion of the metal, 
l)ut partly to its catalytic action on the oxygen absorption of the oils; 

The statement th»t tlui piSlymerisation of Hmg qjl is retarded 
in aluminium pots cannot be accepted att correct. Experiments 
with pots of silica, nluminium-coated iron, and iron-silieon alloy 
have been suggested. It is doubtful whether the results given 
above would b^ confirmed on a facV)ry scale of operations. For 
durability copper or copper-iron pots are generally superior, and as 
to colour, this is more likely to be governed by the fact mentioned 
above than by the nature of the metal used, provided the temperature 
is not too high. ,^However^it muiA be admitted that aluminium 
pots give a paler varnish than copper or copfier-iron, but the life 
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of the aluminium pot is shorter. Copper-hottomed pots uith an 
aluminium upjx'r part ought to provide suitable durability. In 
France, tinning has been tried without success, also nickel-plating, 

but this i.s exj)cnsive and does not 
last well. 

The hearth on which the run¬ 
ning is carried out consists msually 
of a hole in the floor of the “ inak- 
mg house,” beneath which there 
is a grale with a flue running 
L -—1 P^l underground, constructed so that 

I jI an inten.se brig/it fire may be 

obtainc'd and the pjoducts of com¬ 
bustion can be withdrawn (com¬ 
pletely. With c eferenee to the firc- 
)iit, standardisation of dimensioms 
is desirable for rapid replacement 
of the ))ot and the fire hearth. 

In many text-books on varnish 
technology, elaborate drawings are 
given .showitig details of running 
hearths and iiots or reprevsenta- 
tions of gum melting rooms 
(Sabin. Techitohxjt) of Vamishes : 



FlO. 25A.~Srrt,loTi of piim niHtlnc pot. 


‘ Melting Room of the Murphy Varnish ('o. at ('hieago “ ; Seligmann 
and Zieke ■ “ u^i, .i„...,i. u o.. 


Moderno Schmelzanlage von H. (f Sommer 



Dilsseldorf ” ; Coffignier, Fabrication des'vemis gras: “ Ouvrier 
ouisTOfc les gofflmes ”). The kearth may be fed either from the 
outside or from inside the mnni^ sho^, and the fuel may be either 
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coke or gas using special burners, or oil, as in boiler installa¬ 
tions where oil and steam replace the solid fuel. It must be 
pointed out that the control of temperature during the heating is 
of importance ; too long fusirm means lo.ss of colour and hardness 
of the gum, insufficient sweating entails incomideto solution of the 
drying oil. Too fierw heating Lmds to unequal depolymerisation, 
so that ])art of the gum is " overrun ” and part “ underrun.'’ 
It is for this reason that coke fires retained their ])opularity so 
long, iis they were easily eontrolksl by the .skilled runner and 
generally <!ost less than gas tires. Neveitheless, the convenience of 
gas and oil fuels makes their use very attractive, provided the 
fi'gulatioti of b^nperatnre is satisfactory. During the running 
process the eonttmis of the ])ot are stirred vigorously by a sjiecial 



form of stirrer, and the condition of the gum is examined periodically 
by withdrawing a portion by the stirrer and allowing the gum to 
fall back again into the ])ot. A form of hood Ls shown in I'ig. 25 ; 
in principles it consists of a h(«id hingi d suitably fin to the fume flue- 
pijX3 and provided with a covered window for the introduction of the 
oil and a partially covered opening for the manipulation of the special 
hand stirrer. The making nouse itself conrtsts of a cement-floored 
shed, well illuminated and furnj^hed with as high a roof as possible in 
order to provide for the contingency of accidental ignition of the 
contents of the pet. The fumes givenduring the running process 
pass either to a fan or chimney shaft or alternately to a removable 
cover fitted with a delivery pipe leading to a fan and suitable con¬ 
denser installation. The* recovery of the fumes will be dealt with 
after the detailed description of the gum running, in practice the 
operation of gum rdnning is tftually carried out by two workmen, the 
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gutn runnor and hia assistant. A suitablo quantity of gum, usually 
112 lb. or more in modern practice, is weighed into a clean ])ot and 
the latter hrpught to the tire in the making house on a trolley or truck, 
occasional stirring being resorted to during the first or .sintermg 
stage of the fusion ; as liquefaction of that portion of the gum 
immediately in contact with the bottf)in of the pot ju'oeeeds, close 
observation has to be made in order to guard against the danger of 
a sudden frothing of its cont^mts. ; As the gum approaches complete 
fu.sion, vigorous stirring is resorted to, \uitil finally tlu; gum runner 
judges the “ run ” acoonqdiBhed by obserx ing oti the stirrer the 
Ihiiditv of the melt. ('I’he time taken for a charge to be run depends 
on a number of factors : (1) the nature of the gum ; (2) the amount 
of the charge . (>‘!) the nuale of healing ; (4) the nature of the metal 
of th(' pot. (lenerally half an hour to an hour may be taken as 
the usual time. 

The behaviour of the gum during the sweating has been 
adequately described in the laboratory experiment. The requisite 
quantity of oil is added either by the assistant cautiously jamring 
warm oil from a vessel lyrown as a “ jack,” not unlike a watering- 
can with an old-fashioned kettle spout, or in more modern prax'tiee 
th(! ])reviou.s]y heated oil is puiniK'd into an overhead tank fitted 
with a graduated gauge glass marked oil in warm gallons, from which 
it is allowed to descend in a thin stream into the: gum pot, the 
contents laing in tint meantime vigorously stirred. Tlie oil must he 
added in ])ortions at a temperature of not less than :!()()“ K. 
After each addition the runner withdraws on his stirring rod a few 
dro])s of the mixing on to a glass plate. If tin* sample cools to a 
clear film, it shows that incurjmration is satisfactory and more, oil 
may be arlded ; if cloudy', the mixing must be heated until a sanqde 
is bright when cold on the glass trial plat<!. Tlu! amount of oil to 
he added will depend on the varnish required.; The addition of 
thickened linseed oil Ls generally made last, and the mixing finally 
heated until the heful btgins to rise, when it is quickly transferred 
to the arljoining shop to be cooled. It is quite easy to ineorjiorate 
run gum in thickened linseed oil with satisfactory results, and 
under special circumstances run gum can Iw incorporated with 
heated tung-oil to give .stable mixings. 

Introduction of Driers.—The rules governing the addition of 
the driers to linsee'd oil apply equally in the case of a varnish, so 
that the varnish maker has at his disposal the choice of several 
metallic compounds having different dygreea, of solubility, etc., in 
order to produce the effects he aims at in the finished product. 

To recapitulate, the common metals used as driers may be 
summarised as follows; Class 1, lead, iron; Class 2, manganese, 
cobalt. Lead and manganesq may be added in the form of oxides; 
cobalt, manganese, and Idad may be conveniently added in soluble 
form as resinate, linolcate, or tungate. The use of iron as a drier 
is restricted considerably by the dark colour of its compounds, but 
when kitroducefl it is usually arided as umber (iron and manganese 
oxides) or Prussian bSUc. Iron may also be introduced in the form 
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of a linoleato obtained by treatment of linseed oil acids with iron 
filings (wde Oil Acids, Chapter V. page ill). 

A distinguishing characteristic of lead dissolved ip linseed oil 
is its projierty of forming an insoluble salt (lead stearate, palmitate, 
and possibly some oleate), which becomes aj)pan‘nt as a cloudiness 
when the varnish is cooled and subsequently settles out as a pre¬ 
cipitate after a ])eriod of wc('ks or months, leaving the varnish bright 

Lead resinate has less tendency to be jjrccipitated or to produce 
a tui'bidity, but it is not very solubh', and when in excess the settle¬ 
ment of tiio “ foot ” is usually fairly rapid. The largo piojiortion 
of h^ad resinate which is necessary, by reason of its (toinparativcly 
low conccntrati()n in lead, militates against its use by re))utabl<^ 
varnish makers ; this applies in general to all re.sinates exee|)t 
cobalt and manganese (vide footnote on jiagc 1!)!)). 

Mangane.se and cobalt have very similai- pro|)ertics in their 
effect on varnishes, in so far that they have a tendency, when 
prc.scnt in excess, to cause surface-drying or “ I'ivclling," instead 
of prodiKiing a drying effect throughout the thickness of the film 
(see under Defects of Varnishes). Both these metals require only 
a small projiortion to accelerate considerably the drying of the 
varnish. The combination of lead-cobalt or lead-manganese is 
usually resorh-d to, cxcx'pting whcic the ]u-e.senc(‘ of the former 
metal is undesirable. The use of lead alone in a varnish is un¬ 
common, owing to its relativtdy slow ilrying [lowers. 

In addition to the method of adding driers to the gum-oil 
combination, yet another method has found a certain amount of 
favour with some manufactun'rs ; this consists in the addition 
of insoluble driers to the finished (thinned) varnish, solution being 
effected by long agitation in large drums.i This method, known 
as “ (h uniming ” or “ churning,"’ has the advantage of yielding 
considerably paler products ; [irobably by reason of the tendency 
to darkening of the metallic soaps forming the drier at the some¬ 
what elevated temperatures of solution necessaiy in the method 
described above. The agitation with air in the drum, to which 
the varnish is subjected, also induces a certain amount of bleaching 
action.' Drummed varnishes have also the advantage of a lesser 
tendency to skin-over when stored in bulk in o|x-n tanks, but they 
require longer periods for clearing than varnishes in which the drier 
has been dissolved at a high iemjK'rature. * 

After the introduction of the drier, the varnish pot is removed 
from the fire and tal^n to aicooling room, where addition of the 
thinn er is made after the contents have been cooled down to a 
teinpcratuni of 16()°-170° C., In some cases the solution of the 
drier may be added to the thinned gum-oil mixing. This operation 
requires little description, the turpen^ne or substitute chosen bemg 
added slowly with continual agitation 6f the mixing. Addition 
of the thinner at too low a temperature may cause precipitation 
of the resin in certain cases, whilst addition at too high a temperature 
will occasion losses owing to volutilisation. Moiteovor, delay in 
adding thinner m*ay also result in incomplete solution, especially 
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in tho case of varnishes containing a high percentage of resin. It 
■would appear as if tho colloid mixing were stable only within 
coniparative;ly narrow limits of disj)ersion and temperature. The 
necessary conditions are a matter of exjierience. The varnishes 
arc thinned to a retiuin'd viscosity, which may lx? determined by 
the “ bottle ” method standardised against a determination by an 
Ostwald or Doolittle Vi.scometer. 

Other Processes lor Running Copals.—Mention has been made 
of pro(»s.Hes to depolymeriso gums under pressure without loss.'* 
The principle is solubili.sation in the presencic of naphthalene under 
jiressure (4 atm.) at 27.5" (!. in an autoclave fitted with a stin'er. 
At the end of two hours the change is corajdeto, pan. of the necessary 
oil is add<xl, and heating Is continued for one hour at 280° C., 
followed by the removal of the naphthalene by distillation under 
reduced pressure. Coffignier states that an autoclave on the 
Terriss(^ plan worked satisfactorily for five years (lifOO 10) with 
a charge of 1.50 kilos, of gum at each operation. The advantages 
claimed an*: (1) Utilisation of the whole of the copal; (2) paler 
varnishes are product^ ; (3) the original hardness of the resin 
is retained. In a later patent by Terrisse and Coffignier, copal 
oil and copal are heab-d with naphthakme. under pressure. If 
the re.sm, solubilised by eo])al oil, be esteriiied with an alcohol, 
e.g. glycerine or benzyl-alcohol, there is an increase in weight 
of the resin.** In the I'ccent specifications the copal solubilised, 
either by ordinary sweating, by naphthalene, or by naphthalene 
with co))al oil, is heated with glycerol or benzyl-alcohol to transform 
it into an ester. The Terriss(> process is an im))rovement on that 
of (Jraham and Jfurrell,* in which the <x)pal was heated to 3,50° C. 
under pre.si?ure with turpentine. Tho colour of the varnishes by 
Burrell's prowiss are not good, whereas tho,se obtained by Terrisse’s 
process are satisfactory and the varnishes are of gooil hardness. 
The objections to the autoclave processes are the capital outlay and 
the length of time of th(' running process, which tend to outweigh 
the loss of the resin treated in the ordinary manner. Ree<!ntly 
the diffiindtics arising from the loss of weight of the gum have 
been shown not to be serious, for it is possible to utilise the 
crude copal oil in the manufacture of varnishes of satisfactory 
cpiality without having to go to the expense of setting up new 
plant. Other s))ecikl solvents for (iopals have been proposed, e.g. 
linseed oil acids, amyl alcohol, terpineol, etc., but they have met 
with no success. The effect of the solvent materials on the finished 
product is deleterious, uple.ss they can be completely removed) which 
is not feasible. 
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COMPAMSON OF THE I’KOPEBTIES OF KAW, RuN, AND SOLDBIUSED 
Resins (Cofflgnier). 



UadujfuBuar. 

Madagascar 
“ run.” 

MadagaM‘.ar solubilised 
by NaplitlmleDe. 

S|)ocifi(5 gravity at 16^ C. . 

1 (W8 

1-002 

lOBl 

Melting ])oiiit 

>300 

205 

1B.7 

Acid value 

<.)3 

08-2 

08 

Kdttndorfer value 

70 

45 

00 

l^ercontnge of Jnsnlubility: 

* Alcohol 

74 

02 

74 

Kthor. 

«r> 

52 

20 

Turpentine 

00 

3-0 

52 

Boivdol .... 

78 

1-5 

40 

C/liloroform 

00 

17 

sol. 

Carbon tetrachloride 

85 

4 

20 


Maturing of Varnishes,—The varnish prepared as indicated 
above does not possess properties which the manufacturer would 
consider requisite for a satisfactory product. The varnish will hold 
in suspension fragments of gum bark, mineral matter, etc. More¬ 
over, a heavy cloudiness may develop a few hours after the varnish 
is cold, due to the action of the driers.' Hn general the turbidity 
originates from the same cause as that accruing from ordinary 
boiled linseed oil prepared with a lead driiiri, and is caused by the 
precipitation of the insoluble lead soap of the saturated fatty acid 
component of the oil, e.g. stearic, palmitic, and m}Tistic acids.* 
On tankage the debris from the gum and the lead “ foot ” will 
settle out, leaving a clear varnish. Simultaneously with the 
deposition of the “ foot,” other changes occur, e.g. a slight bleaching 
of the varnish. A varnish of a decided brown colour immediately 
after manufacture will become a yellow orange after a year’s tanking, 
especially if manganese driers bo present. 

Certain undefined physical changes, probably connected with 
alteration in the arrangement of the disperse phase in the colloid 
solution, will also occur on “ ageing,” viz. an improvement in 
flow under the brush. It must be remembered that in the running 
of gum the strong depolymorisation necessary to render it soluble 
is not a stable stage, and maturing will indicate a partial re-poly- 
merisation; moreover, metallm soaps of the driers present in the 
mixing will undergo a graifual increase in viscosity.* Lead oxide 
or lead linoloate dissolved in linseed oil becomes stouter in con¬ 
sistency on storage, even wheit out of contact with the air. That 
such changes c^ bo observed and identified with changes of 
viscosity has been mentioned in a pllperiby Seton, Probeck, and 
Sawyer.^ It is certain that the more reputable varnish manu¬ 
facturers require a perioft of maturity by “ tanking ” for a period 

* If a lead salt of a resin wsid be used, unless the resin acidity of the 
mixing is high there will be a gradual deposition of a lead resinate. 
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of six months to two years. It is essential to maintain this old 
custom to a certain degi-ee, as storage is necessary apart from what 
is required to producse complete clarification. No doubt the period 
may Im; shortened in many cases by filtration from the sand and gum 
dirt, but the removal of the h^ad “ foots ” i.s difficult, unle.ss they 
arc present in small quantities, otherwise it is best to draw off the 
clcivr varnish from tin; tank and treat the bottoms ” separately. 

Filtration of Varnishes.- The removal of suspended matter in 
a varnish is always difficult, because of its viscosity. The warming 
of the mixing will cau.se a decided leduction in the vi,scosity, but 
this is not to be recommended, owing to loss of thinners and sub¬ 
sequent thiekeniiig due to sui-faee oxidation and to partial solution 
of the suspended mattio-. In text-books many methods of filtration 
are deserila'd, but reference will b(^ mad<' here only to two classes of 
processes, (I) plate filtration anil (2) centrifugal treatment. 

The filtration of varnishes must be considered from the stand- 
{>oint of the jirineiple of technical filtration. 'J’lie fundamental 
point to be noted is that for a given sy.stem of solid and liquid the 
whole problem is completely determined physically. The limit 
to the filtration is an economical oni^ only : it depends on the way 
in which higher pressure increases the first cost of the plant, and, 
the pressure being given, on the balance between the cost of obtain¬ 
ing a thicker “ cake ’ and the cost of removing it at more frequent 
intervals. The jirojx'r adjirstment of the.se factors presents no 
difficulty to any one in designing filtering apparatus.® It is evident 
that the above statement cloi's not strictly apply to the varnish 
manufacturer. He deals with fluids of high viscosities, containing 
small amounts of susjx'nded matter partly coarse, partly fine, and 
partly slimy, the latter being exceedingly undesirable for removal 
by filtration. The coarse material may be eliminated by straining 
through muslin, a preliminary and primitive method. It is not 
advisable to refer to old-fashioned methods, and the attention of 
the reader will be called only to the use of filter ijresses and centri¬ 
fugal separators. 

Filter Presses.—A summary of the construction and meaning 
of the numerous variations of the ty|)e of filter presses will be found 
in a paper by E. A. Alliott.’ 

Vonatruction of the Filter Press--A filter press may be described 
as a frame in wMeh a number of loose slabs of filter surface may 
be clamped to form a series of hollow chambers capable of with¬ 
standing inttynal pressure. The filfor ^uirfare is ribbed or^grooved 
and covered with clott and filter paper. This aiTangemcnt gives 
a maximum of area in a minimum of space, and is capable of 
modification to meet the varying conditions called for by different 
grades of material. A,large variety of constructional materials 
can be used, and the whole plant is of high reliability and free 
frpm any tendency to break down. < 

The two forms of press in general use are (1) the recessed plate 
type,'and (2) fhe flush and distance frame type, often called the 
chamber and frame' presses respectively. The latter type alone is 
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used in varnishes, where only slight suspensions arc dealt with. 
In the flush jflate type the faced joint surfaces are practically flush 
with the Altering surfaces, the chambers being formed by frames 
having faced surfaces corresponding to those of the plates, and 
placed alternately with the plates. The cloths or layers of filter 
paper and cloth are hung over the iflatcs so that each chamber has 
a cloth on both sides. The inhd. of the material is through a passage 
having ports communicating to the interior of the di.stam® frames. 
Th(v liquor enbu'S the chamber under pressure, the solid portions 
being retained by the cloth, whilst the fluid passes through and 
,is drawn along, the grooves or eoi rugations of the plates to the 
exit ports. Kor vainish filtration the pi'csses are sometimes made 
with thi'e(! or four jrassages situated at the cortuus of the chamters ; 
one of the low(!r passages serves as a feed inlet, while the others 


AIR PASSAOE 



FILTRATE OUTLET PASSAGE FEED INLET PASSAGE 


FILTER PLATE DISTANCE FRAME 

1^10. ‘2G.—Pliiio ami frame of JohDSoi) filter press. 

act as filtrate outlets, being joined together at the head of the press, 
By this arrangement the liquor has a minimum distance to travel 
along the grooved surface to get to the outlet passage. Further 
the upper piussagcs ensure a free escape of the air from the chambei 
(see Fig. 26). , 

The press ])lates are usifhlly made of iron with fine straight 
grooves or coarse pyramids or lozenge-shaped protulxirances on the 
surface, so that the clfannejs ifc'e ke])t sufficiently dea() and narrow 
and cannot te closed by the sag of the -idoth. To fix the filtei 
cloth in the press a strip, long enough to cover both sides of the plate, 
with holes cut in it corresponding to the feed passages, is hung 
over the top of the plate. The question gf the best material for a 
filter cloth depends largely on the liquid to be filtered. A strong, 
comparatively coarse cleth may be used to support a thin lightlj 
woven twill or a good quality filter paper. Witlj varnishes the 
deposit is so slimy .that an iijipenetr8,ble layer is speeiMy formed on 
the cloth, so that it becomes almost impervious. Addition of calcined 







212 


VARNISHES AND THEIR COMPONENTS 


fullers’ earth, or diatomite, toads to build up an open structure 
in the slime and permits a more rapid flow. The best success of a 
A filter press installation depends not 

only on the choice of plant, but more 
especially on those in charge of the 
« operation. It is nearly always possible 

j to reduce high labour and cloth 

'■6^5 --f charges by pro|ier methods in the lay- 

pW A - out of plant, and those who take these 

facts duly to heart will obtain the 
I most satisfactory results. There seems, 

v_il_little douiit that filtration of varnish 

--] through such a press yields the best 

clarity, although it is often advisable 
to remove most of the suspended 
mattci' by a previous treatment in a 




JP>/ I centrifugal machme, which gives ,a 
b 'more rapid output of a varnish which 

• is almost clear. 

5 I ' Centrifuging Processes. ~ There 

, 4 are many centrifugal machines on 

the market,.but one; especially'suited for the filtration of varnishes 
is the modification known as the Sharpies supercentrifuge (Pigs. 28 
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and 29).* The separated solid" is deposited on the inside wall of 
the tube or bowl and is intermittently removed when the bowl 
becomes too much charged with solid (a bowl will hold about 15 lb. 
of solid before it requires removal). In the Sharpies machine a 
separating force is developed 16,950 times that of gravity, corre¬ 
sponding to 17,000 r.p.m., although in the laboratory form a force 
of 40,000 times that of gravity can be developed. Since centrifugal 
force varies directly with increase in diameter and as the square 
of the speed of revolution, the centrifuge is of tubular pattern. 
The rotating bowl is both supported and driven from the top, being 
otherwise free to find its own axis. By this means the machine 
* is operated with the minimum wear and tear. One main ball 
bearing constitutes the sole point in the machine at which friction 
has to be taken into account. The drive arranged immediately 
above the main bearing may be ; 

(1) A belt drive from a line shaft. 

(2) Direct steam drive by means of a turbine wheel fixed to 
the tube or bowl spindle. 

(3) Indirect electric drive, i.e. an individual motor mounted on 
the centrifuge body and driven by a short belt and idler pulley 
on to the head of the bowl spindle. 

(4) Direct electric drive in which the motor armature is mounted 
on and is an integral part of the bowl spindle. Mechanical friction 
losses arc thus limited solely to those of the one ball bearing which 
carries the rotating bowl, whereby a considerable reduction in the 
consumption of i)ower is effected. 

At the bottom of the bowl a short extension runs with a definite 
permitted clearance in a bushed socket, serving as a guide during 
the running up to speral of the bowl, when slight vibration or 
oscillation may occur. The liquid to be treated is admitted through 
the hollow centre of the exte-nsion of the bowl, under greater or less 
head, according as viscosity or other considerations demand. In' 
dealing with varnishes it is sometimes advisable to warm them to 
about 120° F., in order to reduce the viscosity and to increase the 
flow. Settlement takes place during the upward travel of the 
liquid which discharges at the top of the machine. The sus¬ 
pended solids are depositetd on the inside wall of the tube, and are 
intermittently removed from the bowl W'hen it becomes fully 
charged. The Sharpies suptfreentrifuge has had considerable success 
in dealing with nitrocellulose varnishes. 

The Sharpies rq^bchine* ean treat 100-160 gallons per hour, 
depending on the viscositj' of the varnish.^ * 

In practice, clarification^with the centrifuge is not, profitable 
when the liquid contains more than 1-2 per cent of solids. In 
such cases other forms have to be ujed.* 

• 

* The Sharpies clarifier removes “gum dirt,” but to obtain a perfectly 
clean varnish film on a pobel a period of tanking is advisable or final clarifica¬ 
tion can be obtained by passing the varnish through a filter press. It must 
be pointed out that the machine will ndt effect the removal of “bottoms” the 
solubility of which’is affected hy temperature. 
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The de Laval separators, which have Iwen tried by a number 
of American varnish firms, consist of a multiple clarifier bowl or 



c 

28.—Slinrplos varAsh ^larifloit 

1 . Idler arm and piiUey for kfcpiriE eoimtant fl. (Clarified varnish outlet. 

tension in belt. ' 10. Bowl or rotor (I7,f)00 r.p.m.). 

2. Motor. « 11. VjTiiish under (icntrlfnKal force. 

3. Belt. 12. Foots, cii*., scisirated irom efude varnish. 

4. Belt head bearing. 13. Brahe for bringing bowl to rest. 

6. Bowl spindle. 14. (Snltlc bushing for Ixivd bottom to revolve 

0. Bpindic to bowl coupling nut. \ in. 

7. Speed Indicator. l.'S. Crude varnish supply by pump or gravity 

8. Clarifled varnish disfiliarging from outlet feed. 

ports in bowl. • 

>a centrifugal filter bowl containing two chambers, an outer, where 
partial clarification ensues, andean infier, provfded with plates 
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between which filter paper is placed. The bowl is a plain cylindrical 



hfoiTt'U'A “ KantfsAcs.” To face page 2U. 

■ ERRATUM • 

Tago 21ft, line 1, “The howl,” to jMige 216, line 4, “fifteen 
niinutctei.” This pissagc a])|)lie8 to tlie Sharpies, not to the de lAval, 
machine. 

The following de^crihes the working of the de Laval Separator: 
The proiluct to l>e filtei’cd jkissch into the top of the howl and flows 
to the bottom, where it is forced to tlie outer, or clarifying, chamber. 
Here the heavier and more easily removed particles are forced against 
the outer wall of the chaiuhcr. The partly clarified fluid passes to 
the inner chamber, where it enters the openings in the several plates, 
percolating under slight vertical ])ressure through filter paper and 
thence inward and upward to the discharge outlet. 



Fig. 29.—Sharpies oil soijarator. 

t 

tube closed at its upjier end, witfi a head provided with outlet 
ports. It is equipped with a removable set .of wings which serve 
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to keep all the parts of the liquid at the same speed of revolution ^ 
as the bowl. The bowl bottom containing the inlet port may be 
readily removed and the whole cleaned and replaced in about 
fifteen minutes. 

Another form of filter suggested is the Sweetland filter for the 
clarification of liquors containing solids which do not filter'freely. 
In this machine the solid is flislodgod from the filter surface by 
means of a stirring mechanism without opening the filter, thus giving 
at all times a clean filter surface. 

The separator type of Sharpies supercentrifugc is for the 
separation of mixtures or emulsions of immiscible liquids, the 
liquids being continuously and separately discharged. Figs. 28 
and 29 show the difference between the process of centrifugal 
clarification and separation. In the separator the heavier liquid 
forms a uniform cylindrical column against the shell of the bowl, 
and the lighter liquid an inner cylindrical column. 

The Storage of Varnishes.— ^The varnishes are pumped from the 
thinning room, after a preliminary straining to remove gum dirt, 
into large rectangular or cylindrical tanks of galvanised iron with 
sloping bottoms of a capacity up to two or three thousand gallons. 
The height of the tanks is generally two or three up to five times 
their width or even more. The temjierature of the storage room is 
maintained at 15°-18° C., and the rooms are warmed by hot water 
pipes. Clarification proceeds from the surface downwards, and the 
rate depends on the varnish and on its viscosity. The clear varnish 
is drawn off tlnough special taps placed in the tank, the lowest 
being some distance from the bottom. A tap in the base of the 
tank will allow of complete emptying, so that the sediment may be 
withdrawn. From time to time the empty tanka are. “ scabbed ” 
to remove varnish skin. Ixmae iron covers on the tanks protect 
the contents from dust. Periodically samples are withdrawn and 
tried on prepared boards, or on glass, for clarity, quality of 
surface, and time of dr 3 Tng. Any alteration in the viscosity is also 
observed.* 

The Properties of Varnishes on Application.— In considering the 
uses to which oil varnishes are put, the main field of application is 
that of the protection of metal and woodwork. Besides their use 
as protf*ctive coatings, they have also an important function in the 
beautifying and accentuating of the, natural grains of wexxi or 
conferring a high lustre or polish to the surface. The accentuation 
of the natural grain of the wood is acqponted for by the penetration 
of the surface tells by the varnish, thus jiroducing optical coiftinuity 
with a resultant exaggeration of the darkness of the grain. 

From a. protective standpoint varnishes must be chemically 
stable to atmospheric influences (oxidation), physically stable to 
changes of temperature (el'stic), waterproof, and sufficiently hard to 

. r * 'During the tanking of vamielies a slow shrinkage in volume occurs, due 
chiedy to ev^oration of the volatile solvent and to slow oxidation of the 
turp^tine. The i^ate depends on Hie ^'thinner** and on the conditions of 
storage. The Ictfs of volatile thinner may vaiy between ^ and 7 per cent. 
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resist wear. It will be readily granted that, in view of the extreme 
tenuity of the average coat of varnish (about 1/760 in.), more than 
one coating will be necessary to give the desired resultand further, 
it will bo apparent that the necessary properties must be considered 
which each coating must possess to fulfil its desired function. In 
the first place a preliminary coating will be necessary to stop the 
capillarity of the surface cells of the wood and at the same time 
“ set ” these cells to a hard rigid layer to obtain a solid foundation. 
Such effect is obtained by the use of a varnish of fairly low viscosity 
to ensure joenetration of the cells of the wood, but having its gum 
and oil constituent of rather high viscosity so that such penetration, 
once secured, will not go on indefinitely, since a surface sealing is 
the only object aimed at. Rapidity of di ving will also increase 
the surface sealing. Such an effect is obtained by the use of a 
varnish known as “ goldsize ” : this product is a varnish in which 
the gum and oil combination has been brought to a viscosity 
approaching solidity, a liberal addition of volatile solvent ensuring 
a low viscosity of the finished product. The nature and amount 
of the driers added cause rapidity of drying. Such a varnish is of 
limited utility, possessing little gloss of film (owing to the large 
bulk of thinners present), low weather resistance, and slight im¬ 
permeability, but it fulfils the purpose for which it is intended. It 
may also be incorporated with oil colour to give a hard bound 
undercoat on which subsequent coats of varnish may be laid. A 
solution of shellac in methylated spirit will also jierform the same 
function. 

Previous to applying a priming coat of paint or filler on wood 
containing knots, it is necessary that the latter should lie treated 
with a Hquid known as “ knotting.” If this were not done, the 
resin’exuding from the knots would penetrate the paint and dis¬ 
colour it. A favourite stopping for wooelwork is a mixture of dry 
whiting and dry white lead, made into a putty with linseed oil, 
to which 10 per cent of boiled oil has been added. Turpentine 
may be used as a thinner, and two coats of the stopping are brushed 
on with a stiff bristle brush and the surface rubbed down with 
pumice and water or with sand-paper. Priming coats may take 
other forms, e.g. fdlers of silica or silicates ineoqiorated with 
turpentine or a elrying oil capable of giving a hard coat. An 
English filler may consist of carbonate of lime 50^arts, clay 40 parts, 
and graphite 4 parts ; a German filler may consist of carbonate 
of lime 55 parts, clay^ piyrts^ and graphite 5 parts l an American 
filler may contain a silicate of alumina an^ iron containing 57 per 
cent silica, 21 per cent alumiim, and 9 per cent oxide of ioon. The 
filler is worked up with white lead and ochre in linseed oil, to which 
are added turpmitine, an oil varnish, and liquid driers. The stiff 
paste is applied to the wood and the efiating rubbed down with 
glass paper after twelve^hours.(Other varieties of wood filler may 
consist of (1) sifted kaolin 34 parts, boiled linseed oil 11 parts, 
gum driers 6 lb., turpentine 16 partis, and rosin vafnish 154 parts ; 
(2) emery 26 lb., Rnseed oil* 16 lb., pale gum driers 1| galls., rosin 
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varnish 17 galls., and white spirit 3| galls. An Atnorican paste 
wood liller consists of a mixture of starch or dextrine, a mineral 
suhstaiifp, and a linseed oil varnish made quick-drying by the 
addition of diier.s. The mixture is applied as a varnish, and after 
twenty-four hours should hi; dry enough to Ih; rubbed down with 
glass paper." 

Transparent wood liller for aircraft propellers consists of a 
material in the form of a stiff paste r<-quiring an addition of tur¬ 
pentine or white spirit before use. When the filler is a])plied to 
woodwork the grain of the wood must Iwcomo filled in a satis¬ 
factory manner. The lilk-r consists of filling material, at least 
50 jKT cent of which must be powdered (piartz,' genuine linseed 
oil, and a good quality flatting varnish or gold size, in such pro¬ 
portions as to produce a preparation satisfying the I'equirements 
of the clauses of S))ecification 2 X. II, 1920, Rritish Standard 
Specification for Aircraft Material. The ])aste, suitably thinned 
with tur|X'ntin(s when applied to a hard wood, such as walnut 
or mahogany, shall give a film drying sufficiently in half an hour 
at 70° E., so as to allow .tlu* excess to be “ wijjed off.” When the 
paste, suitably thinned with tuiqjcntine or white, spirit, is applied 
to wood, the film jnodm^ed after fifteen hours’ drying at 70° E. 
shall withstand sand-])apering without rolling or clogging the sand¬ 
paper. When the filler (suitably thinnc'd as above) is applied to 
a glass plate, the film produced after twenty-four hours’ drying 
at 70' E. shall not beconu! softened when imnuused for four hours 
in distilled water at the ordinary temjKTatui'c. 

The s]K-eification for a priming varnish (2 X. 14, 1920, British 
Standard Specification for Aircraft Material) requires that the 
varnish may be either gold size or a spirit varnish, providing it is 
a .satisfactory wood liller. The varnish when “ flowed on” a" glass 
plate shall become dust dry at 70° F. in not more than five hours. 
The film when allowed to dry for forty-eight hours at 70° F. on 
glass shall be bright and clear, and .shall not roll up or powder 
when rubbed with the ffiigiT. 

To fill up inequalities on the surface of iron, equal parts of red 
lead and gilders’ whiting are mixed with 2 parts of genuine linseed 
oil and 1 part of gold size to a putty-like consistency. It must 
be used fresh, becausri it soon dries hard. A very effective primer 
for wood may be •'made from ea.seip, dissolved in salammoniac 
solution. The mixture may be applied with brush or with spray, 
and will givc^^a smooth, uniform snefaco on, which coats of paint 
may be applied to goo<^ advantage. The primer may be coloured 
to suit the conditions. , 

'‘In the preparation of the surface in carriage varnishing it was 
customary to apply two primjng coats of white lead or oil followed 
by five coats of a mineffll filler, a guide coat of bright red oxide 
.stiffened with black japan, another coat^ of priming, a coat of 
vegetable black ground in oil and thinned with gold size and turps, 
finail/two coaffe of oil colour thinned with gold size and turps, t.e. 
twqlve coats'before Hie varnish was applied.; 
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Having now formed a preliminary base or groundwork, the 
succcoding coats which go to form the protective film may be 
considered. Prom an examination of the properties pf the con¬ 
stituents of an oil varnish and of the effect which it is desired to 
produce, it is evident that from a decorative point of view it is 
desirable to obtain as high a finished gloss as jmssiblo, and to that 
end the ri^latively high refractive index of the gum resins is an 
injportant factor. 

For the " bodying-iip ” or “ nndtu'coats ” a varnish rich in 
resin is desirable. The relative hardness of such shOrt-oil varnishes 
is of advantage frmn the standjxhnt of rapidity of drying and of 
shlidity.; Experidnee has shown that for the application of succeed¬ 
ing coats of varnish, the glossy coat of tlu; preceding layer does not 
form a satisfa(dory " key " to the m^xt, and it is ncx'cssary to 
prepare the varnishefl surface so as to give tooth ” or “ bite " 
by removing the gloss from tlu; surface.. This is performed in 
the operation known as “ flatting," which consists either in lightly 
sand-pa])('rLng or in rubbing down the thoroughly hard and dry 
surface witli powdered ijunrice stone and water apjilied with a piece 
of hard felt. Hteel wool may also bi' used for rubbing down. 

Such a preiiared surface is devoid of glo.ss and, when examined 
under a lens, exhibits a siurated or toothed surface, which is eminently 
suitable for the sue<'e.s.sful application of a succeeding coat. It is 
evident that a hard-drying, full-bodied varnish, rich in gum resin, 
must be, (mi|)loyed as an undereoating or flatting varnish. The 
relative jirojioitions of gum resin to oil to form such a varnish 
are not fixed, several factors contributing to the. hardness of the 
dried film, but it may be stated that they arc more nearly equal 
than in varnishes used as a finishing coat. 

. A further function of tlu^ undercoat is to act as an additional 
cement or binder of the surface cells of the wood, and to protect 
them against penetration of moisture before the finishing coat has 
had time to attain its maximum water-resisting power. It is of 
importance that the undercoat should be sufficiently hard before 
the finishing coat is ajiplied, otherwise blistering ma^ lie produced 
owing to volatile' products or vapours, imprisoned by the finishing 
coat, causing distension of its surface. 

Having thus obtained a sufficient body or thickness of varnish, 
the finishing coating may lujw be applied. Jn this also many 
factors have to be considered. A coating is required, which shall 
have a maximum glosj, whidli* shall be of sufficient hardness to 
withstand t.he ordinary weSr and tear to ^ which tlfe varnished 
article is to be subjected, and which at the same time will,po8sess 
the requisite elasticity to withstand mechanical strain and changes 
of temperature, besides Iwing weathij-proof and waterproof. It 
is evident that varnishes for indoor use nedfl not possess the degree 
of elasticity and resistance to weathering required for outeide 
varnishes. The question* as to the hardness of the dried film is 
determined essentially by the nature«nd amount of*the gum resin 
used in making the* varnish. * It is evident that the softest resins, 
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e.g. rosin, unless in the form of a metallic resinato, would not 
adequately fulfil such a condition. Elasticity will be determined 
by the relative amount of oil present, and to secure the optimum 
effect the minimum amount of the hardest gum obtainable ought 
to be employed. The questions of imjxirmcability to water and 
resistance to atmospheric effects (oxidation Ireyond the limit 
necessary to yield a satisfactory wearing film) are an intricate 
problem, and it is the obtaining of such residts that constitutes 
the art and skill of the varnish maker. The use of China wood 
oil has been of'great assistance in obtaining varnishes with a low 
water absorption. In connection with stability to atmospheric 
effects, it is evident that for a given juoportion'of oil in any two 
varnishes the one which dries mor<^ raj)idly will bi! the first to 
deteriorate on exposun;, because the oxidation of the film has Ixien 
pressed so far that the peroxides of the oil are more prone to be 
broken down (ef. action of driers, page 42). Moreover. sui)erHcial 
drying is apt to leave a soft undereoating, and the surfaee erumplos 
up or “ rivels ” owing to differences in density and volume 
changes. , 

It is therefore advantageous to restrict the amount of drier 
to a minimum to secure a reasonable rate of drying. When con¬ 
sidering the purpose for which a ))artieular varni,sh is required, 
it is important to rememlxu that the projxirtion of the constituents 
must be carefully adjusted ; for example, a high degree of elasticity 
would not be required in a varnish which is to be kept immersed 
in water, whilst a considerable degree of impermeability would be 
demanded. 

After this general account of the scheme of application of 
varnishes, it is advi.sable to consider the stages in detail. 

The Application of Varnishes.—Varnishes may be brushed on, 
flowed on, or the articles to be varnished may Ix! dipjxjd in the 
fluid, or the varnish may be sprayed on to the surface. For decora¬ 
tive indoor work where sjxicial attention has to bo paid to the 
surface, brushing on is generally adopted. Flowing on, or pouring 
the varnish on to a surface and allowing it to drain off, is confined 
to very elastic mixings which can l)e easily distributed over the 
surface. Dipping is gem-rally ado])ted for dealing with articles 
for ornament or for surfaces which can be eoinplctely immerged in 
varnish, e.g. kxls^ads and cycle frames arc coated by a dipping 
process. Special attention has to be paid to the viscosity of the 
varnish to ejisiirethe best surface, thia;vill dejwnd on the com¬ 
position of the mixipg. ‘ The dipping viscosity is generally loss 
than that for brushing. Applioatipn by means of spraying is now 
general, the varnish being delivered from a fine nozzle in the form of 
spray by means of compre.ss( 2 d aip. Provided that proper attentibn 
be pmd to the viscositj, elasticity and to the temperature of the 
vaypish, it is easy to obtain a uniform gurface by the coalescence 
of the spray globules. There is also an advantage caused by the 
aeration of the varnish, whi«h tends to a more intimate contact 
with oxygen than is the case ip brushing or dipping 
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Varnish Brushes.—Varnish brushes ought to be of good quality 
and stamped with the maker’s name. A really good brush will 
last for many years it properly looked after, and new brushes 
are not required for every piece of new work. They may be flat 
or oval in shape ; the bristles should be wire-bound, not string- 
bound. The bristles should consist of stout selected white hog’s 
hair, ground or bevelled at the end, so as to prevent deep grooves 
being formed in the varnish, which may not flow out to a smooth 
8urfa(H\ The condition of the bristles will be considerably improved 
by l)eing used in japan or in colour bcfon? beuig used in varnish, so as 
to wear down tluv roughness of the ends of the bristles. They should 
Ix! all of the same thickness, and stout or unsplit bristles should be 
removed by cutting them off close to the stock. They range in 
sizes from 4’s to (is. The secret of keeping brushes in proper 
condition is to hang them in a liquid, in such a way that the points 
do not reach the. imttom of the vessel. 'The. liquid may be turjx'ntine, 
which is said to destroy the elasticity of the bristles, linseed oil, 
or, better still, some stock elastic varnish.*'’ 

Dipping .—The advantages of apjflying paint, japan, enamel, 
or varnish by an immersion process is obvious. There is great 
saving of time with a enm])aratively si tuple plant. Iron bedsteads 
are dipped in a tank of black japan and transferred to a 
travelling chair which carries them to the oven, the superfluous 
japan dripping off during the transfer. Thin coats are necessary, 
bt^cause if an attemjtt were made to make the coat tllick, it would 
result in unsightly rtms, fat edges, etc. It is usual to cover with 
vaseline the parts which are not to lx“ coated ; after the paint 
is dry, the vas(>line and the paint over it can be easily wiped off, 
leaving the surface quite ('lean. 

Spraying .—The principle of the method is to use eompressed 
air, at a pressure of 20-50 lb. per square inch, supplied from a 
compressor. The concentric jet form of sprayer is now almost 
universally employed where painting, enamelling, or varnishing 
is carried out on a large scale. Tlu! advantages are many, and they 
produce the greatest effect" with the least possible consumption 
of air. The smallest work, e.g. jewellery, or the largest, e.g. gas¬ 
ometers, can be coated at a speed about four to ten times that of 
application by the brush. The amount delivered may be regulated 
from what would bo applied .in a single stroke'hy any brush from 
quarter-inch to four-inch size. The principal object is to apply 
the paint until the g’pbule^ ’coalesea. Too much wguld make the 
paint .or varnish run, too little would leavq the surface uncovered. 
There are no brush marks. 'J?ho air pressure required varies with 
the consistency of the paint and its viscosity. Thin lacquers and 
varnishes may ibe sprayed with 18(20 lb. air pressure, and up 
to 60 lb. will serve for most qlasses of jJaint. The volume of air 
used varies from 1| cubic feet per minute for varnishes to 8 or 9 
cubic feet for paints. The air is also employed for other purposes; 
e^. a small amount is used to piUvide a pressurts feed of colour 
or varnish to the Instrumenl. I^ere a heate* is employed a small 
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amount of air is by-j)a.ssed through tho pistol to keep it warm 
when the spraying is momentarily stopped. 

IJero ftf'o a number of types of spraying apparatus in use, 
Of wmedi^ a few may be mentioned, such as the Aerograph, the 
Aeron, and th(! Aerostyle. Those three are of the concentric jet 
type. 

' The Eureka sjiraying machine, the Invincible, the Midland 
sprayer, atid flic Paasche aii' brush are other forms. 

I’he AfTostyle (Fig. 30) is of pistol sha])e, and is sup|)lied with 
^ortWthout ]ires.suro feed accessories. It may be used for all general 
painting or japanning. The adjustment of the nozzle for widp 
or narrow sprays can be locked in ])o.sition by means of a small 
ring. The diagram shows the details of construction of the spraying 
jtistol. 'Phe air su])j)ly i.s admittf'd by a trigger. The ailjustimmt 
of the pistol for working is as follows : Releas(' screw 14 on cross 
head 13, and whilst the instrument is connected with the air suj) 2 )ly, 
slightly withdraw the triggei' 12, allowing a small amount of air 
to pass through the nozzle. Whilst maintaining the trigger in 
this position, move the v;ross head along the needle until it bears 
against tho cam 10, and in this ^rosition clamp the same by screw¬ 
ing home the elamjring sctcw 14 If a wid<' spray is required the 
nozzle 8 is unscrewed to a small extent aJid then loclusl by means 
of a small ring Sa, but if a narrow spray is desired, the nozzle 8 is 
scrow'ed on further and locked in position. On all round work 
one (srsition serves, *.c. a |)o.sition in which the recessed Jioint of 
the nozzle coincides with the end of the tip i), whidi just allows 
tho ntiedle 5 to irrojeet through it. If foreign 'matter becomes 
lodged in 9, the varnish or colour bowl 2 must la* disconnected 
and the nose 4 removed and the jiarts cleaned with turjientine. 
Special spraying cabinets with suitable ventilation are provided, 
the form dejiending on the class of work, fkiinters arc equipped 
with masks to jirevent inhalation of the fine spray. One man can 
apply as much paint as three brush hands, and two men can jrut 
on SO gallons of paint in one day, using well-rcgulatr-d sprayers. 
Full details respecting spraying plant are given by authorities 
mentioned at the end of tht! chapter.*'' 

The advantages of spraying over brushing are essentially those 
of time saving : also, if the raachitu^ has been carefully adjusted 
to give projier delivery, the surface is fuller, of mon; even thickness, 
and free from brush marks. Moreover, this fuller coat often means 
a reduction ig their number, but tho jiardi*es.s of the umiercoats 
may be diminished by,, the increased thickness in tho layer. A 
mottled appearance on sprayed work,is due to the paints not having 
been specially prepared for spraying, or the varnishes not being 
of suitable elasticity, and th(» media ustid drying hoo quickly, thus 
preventing the. enanusl ftom flowing out satisfactorily. It may 
be stated that spraying tends to reduce the faults of a paint or 
varnish rather than to accentuate them. 

Flaudng Orf .—This procesifis largely used in the enamelling 
and painting of autofnobile bodips. A great saving of time results. 
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and it is stated that the “ life” of the painted or enamelled surface 


is prolonged. 

The process as carried out by 


the Ford Motor Car,Co.j^8i8t8 
, ■ 




fiG. 30 .—Acrostyle iilstoljwinf. spmypr. 


in coating the body with blue-black enamel by gra^ty only, t.c. 
the enamel is placed in an elevated tank and is delivered on to 
the work through a flexible pipe a*id slotted noz?)(e opened by a 
lever, which is actilated by tRe thumb of the operator. No spraying 
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is ^required, and dipping is out of the question, as only the exterior 
of the body is to be enamelled. Each coat takes two minutes to 
apply to thp whole surface of a four-seater Ford motoribody. 
Formerly the undercoats were sjffayed on the work in the ordinary 
manner, and the finishing coat of varnish was flowed on by the 
gravity method. The undercoats are now flowed on with quite a 
satisfactory result. The modification causes more paint to adhere 
than would have boim applied by spraying, and it is found that 
one coat may be flispensed with. There is also less rubbing down 
because of the smoothness of the coat ])rodueed, and the time of 
application is reduced to two minutes. Nevertheless some authori¬ 
ties consider that the spraying of undercoats gives better results 
than the “ flowing on ” method. 

The car laxly is mounted on a platform fitting in a V-shaped 
trough which surrounds three sides of the, body, and is slightly 
inclined to allow the superfluous paint to run ofi through an orifice 
into a receptacle. There is a scries of four troughs and tanks 
corresponding in number with the coats to be applied. After the 
application of the undercoat the bogie supporting the oar is wheeled 
into a stove and kept there for an hour at 160° F. The surface is 
then rubbed down with fine glass paper and moved to the .second 
trough for the aj)plication of a more gloa.sy undercoat, which is 
stoved and rubbed down with pumjee and water applied by felt 
pads. The third coat is then applied, stoved, and rubbed down, 
and finally the fourth or varnish coat is applied, which is air dried. 
The output from this department is 70 cars a day. The varnish 
is applied in a separate room from that used for the application 
of the paint. The requirements are stringent as to the quality of the 
paint, enamel, or varnish used. It must be sufficiently viscid to 
adhere to the surface, sufficiently fluid to run oS freely without 
•leaving runs, tears, or “ fat edges,” and it must flow out uniformly. 
In fact, all the conditions requisite for a dipping paint-enamel must 
be realised, and the varnish must flow out and yield not too thick 
a coat, which would ba likely to lead to blemishes. 

Tlte Floco Process .—This process is in some respects similar 
to the above, but it is intended primarily for the application of 
varnish by flowing it over a spray-painted surface.^The varnish, 
instead of being discharged by gravity, is pumped from a tank. 

The varnish is •pumijed by an elefjtric motor-driven (1-6 h.p.) 
pump in a continuous stream through a flexible hose to a delivery 
nozzle. The flow of the material is adjusted b^ a regulator adaptable 
to any class bf work and viscosity of ^iuid without chanpng the 
speed of ^h© motor. When the nozzle is closed, the material pumped 
in is forced back into the tank through the overflow, which serves 
to agitate the material, especially if it is an enamel containing 
pigment. The body to bo covered is placed over a drained trough 
and the varnish applied to the upper part and allowed to flow down. 
Sufficient material is applied to ensure perfect flow to the bottom 
of thar work. The drainings accumulate in the trough and run 
back into the tank.* The tank holds' 16 gallofls, and the nozzle 
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will operate successfully with 1 gallon of varnish. The pressure 
tank in this equi])rnent permits of the use of heavier or more 
viscid enamels and paints than is possible whore gravity alone is 
depended on.^“ 

The Stoving of Varnishes .—Oas and Suparheaied Water Stoven .— 
Tlu^ details of the construction of japanning stoves are often 
Jnegleehsl. In some eases they are heated by oy)en gas jets, which 
cause discoloration, and are objectionable even when black japans 
lire stoved, as the ju'esenee of gas fumes retards oxidation. In 



the Perkin .ysu'ra watijr is heated under pressure and oomparativcly 
high temi>''ratnres are obtained in a simple but efficient manner. 
Coils (nntaining the heating ^water are placed inside the stove. 
The oven should Imj proptsrly ventilated to allow prrfper oxidation. 

W. Goodyeaa & Sons, Dudley, su^iply stoves (Fig. 31) heated 
by gas (ordinary lighting or producer), sftjam, superheated water, 
and oil, either single, double, or treble cased, suitable for all purposes 
and all articles and givmg a temperature up to 350° F. In the 
Duplex gas and superheated water •stoves there iff a patent dual 
heating arrangement, the advantage' of whioh'is that, should only 
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a small amount of enamelling work bo dealt with, one stove can 
be worked indcjxmdcntly of the others without the trouble of getting 
the boiler ready. The su^x-rheated water system is only economical 
when enamelling is conducted on a largo scale, as boilers and furnaces 
are nceessai'y. Four large stoves is the miniimiin which can be 
worked sueeessfidly by the hot-water system. I’he gas-1)ijx's are 
at a lower level than the hot-water ])i)X!s. 'J’he tem|)(Tatures 
required will vary with the work : for black ja|)ans either i8(i”-20()‘' 
S', or 25()“-850" F., gold stoving up to 2(Kt'' F., polishes about 
140'" F. During tlu! stoving theie is always discoloration. In 
stoving of v'arnished furniture or })iano )ianels, it is advisable to 
have present a sudieieiit huniiditv in the aii’ in ihe'stova^ to pnsveiit 
subsequent warj)ing of the wood. 

Electric Eiorcs .—Mention may be made of the description of 
eleeti'ieally-heated drying ovens or stoving ovens for paints, 
varnish(«, japans, and enamels. \V. .1. iSeott states that any 
suitable nuralx'r of units of the ribbon-type heattTs of 25 kilowatts 
at 120 volts may be installed. An in.stallation consists of one or 
more heaters eonneeted >with a two-wire circuit controlled by a 
knife switch ; a three-wire single [)hase or even a three-jihase 
circuit may be used. Details are given for filling up the oven and 
controlling tlu; tenqx'rature so as to ensure safety of working. 
Recent developmints are described by M. 11. ylrnistrong,** who 
shows that foi’ an oven temju'ratiire of 200" C. a tenqx'rature of 
54° C. was maintained on tiie outside walls under oi'dinary conditions. 
For 55 motor-chassis 12 gallons of enamel were used for lifty minutes’ 
stoving [xriod. The average hourly (xjiisumption was 213 kw.hr. 
for six chassis per hour. 

The Drying of Varnishes in Air. A drying loom ought to be 
kept at about 70“-75“ F., be dust-free and well ventilated, with a 
good upper light if po.ssiblc. The atmosjihere of the room ought 
to be kept dry, and the doors closed, so as not to di.sturb the (fust. 
Different varnishes have their special peculiarities in behaviour on 
drying ; some come to a tack ipiiekly and harden off slowly, others 
set slowly, but harden off (piiekly. The jiresenee of excess of 
manganese driers in a varnish causes siqxu'tieial drying, whereas 
if lead is present the drying is uniform throughout. The action 
of manganese driers is more sensitive to changes of tenqierature 
than that of lead Aiers. 'I’he time of drying is determined by the 
craftsman, and corresponds roughly to a dust-dry stage, when dust 
will not adhwe to the surface, aiuDwljen the finger di'awn lightly 
over the siu'iaee no longer produces any mark.* It is a crude 
method with about one quarter of an hour error. Much has been 
said abofit the precautions necessary to ensure satisfactory air- 
drying. A few of the ,hinte for workmen maybe enumerated: 
A varnish may go vTong through the undercoat being improperly 
prepared and not in a condition to receive a finishing coat; this 
may be due t(^ solvent action on the imperfectly hard undercoat 

* fl. A. (fardnor liiyi devised on apparatus for dotormining the time of 
drying of jiain'ts, varnishes, etc., to auarbitrary but dotinite degree of drying.** 
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or to chemical action between the comj)onents of the layers. If 
a varnish he applied in a badly ventilated room, the setting of the 
film will bo much retarded. Moreover, a])])lication ii> a hot room 
which becomes cold at night will give rise to innKU-fections of the 
surface ; this is due to separation of the components before the 
film ha.s had time to set properly. Similarly a varnish will go 
wrong if it be kept in a cold jilace and then a])j)lied in a warm 
j'oom without ju'ofa'r ]iie|)aration. Many varnishes are iir an 
unstable condition, and a fall of teni|)eratur(‘ often causes a ]iartial 
sej)aratiou of tlu* resin-oil components. Th(‘. infiuenoe of tlui 
humidity of the air oti the suiface of a \ ariash film is of importantie; 
V.g. a varnish is'almost certain to go wrong if water be sjn'inkled 
on the tioov of a loom with the objeid of settling the dust which 
might be caught in the {trying varnish.* The absorjition of water 
during the di ving of tlm liliu may give rise to a subserpicnt cloudiness 
of the film, which w ill be referreii to under “ Kloom." In summer 
a varnish dries iptieker than in winter, but it hardens more slowly. 
The warning that a gas etioker must not bo usial in any part of the 
hou.se where varnish has iveently been ajiplied until it has thoroughly 
hardened off, has its ex^ilanation in the absorption of moisture and 
acid fumes arising from the taioker by the varnish film. (Substances 
evolving ammoniacal vapours Ai'ill pi’oduee the same effect as fumes 
from a stove. 

In order to iimh'rstand these warnings for the craftsman, con¬ 
sideration of the general projierties of the drying oils must be borne 
in mind. Free <‘seape of the thinmu’s rtapiires good ventilation, 
which also accek‘rat('s tlu* eatalytie oxidation. A rise of temperature 
of 10“ ('. will double the rafi- of oxidation. A fall in temperature 
or chilling will jirevei^f. flic diffu.sion of oxidation products into 
the film, causing inequalities in its up|)er and lower parts, due to 
the different densities of the oxidation products compared with 
the unoxidised components. The production of separated particles 
of rcsin-oil is manifested in a pinhole-like appearance. The films 
of many varnishes are oftmi strongly wati'r-absorbing, so that the 
surface becomes (dvarged with a film of water and dust which may 
set and is difficult to wash away. Moreover, such a film retards 
the hardening off of the varnish, and in fact softens it. The old 
cu.stom of washing ihe surfaei' to harden it is quite sound, because 
it removes the adherent absolving film of moistiffc-saturated du.st.“ 
Too rapid eseaire of the soK^ent medium is conducive to striated 
and rivelled surfaces.‘I Atj cjtcess of drier, es])cciaH,v manganese, 
wiU give a striated suiface owing to uneve# oxidation of the film. 
Some oliscrv'ers maintain that oxidation and qrolyraerisatioB proewd 
during the oxidation of the film. Wolff *** maintains that oxidation 
and polymerisation proceed at rates ctepe^ding on the wave length 
of light to which the varnish is exposed (see page 16). Further 
details as to the behaviour of varnishes when drying in the air 
will be given under the Hofects of Varnishes. , 

♦ If tho moisttirc •ontent of tlie air does not. exiw'd 70 per cent saturation 
no harm will result (page 230). 
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CHAPTER XITI 


TyriiS ()]? OIL VAKNISIIES 

A OENKBAL desc^i'iption of tho manufacture of a typical oil varnish 
composed of gum, resin, drying oil, siccative, and volatile thinner 
has l)ecn given in jireceding chapters. It is not th(5 intention of 
the writer to supply details of the com])Osition of the various types, 
except in a general way. Each manufacturer has his own formul®, 
uses special materials, and works under special conditions, which 
may or may not be in reality common to all. At any rate, ho pro¬ 
tects the secrets of his own business, which is only right and proper. 
The writer's experience of imblishcd formula; is that they are 
correct as far as they go, but they arc not to bo comsidcred as recipes 
of manufacture, and they merely illustrate broad differences between 
tyjMss or varieties of varnishes,* 'The number of varieties of 
varnish made by manufacturers is great. One firm lists as many 
as two hundred, each iiaving its own special use. There is no 
general classification of oil varnishes; probably the most generally 
accepted is that of long-oil and short-oil. An American writer 
will indicate sixteen classes, a French writer will quote twenty- 
four types, while a German writer will give one hundred and seven 
varicticis classified according to the hardness of the resin used and 
the proportions of resin to oil. The important classes may be 
given as decorator’s varnishes for inside and outside work ; furniture 
varnish, including cabinet varnish ; coachbuildcr’s varnishes, in¬ 
cluding carriage, motor, and railway work ; boat, marine, or spar 
varnishes ; stoving varnishe.s, polishes, and mack japans. There 
are also many varmshes for S]x;cial purposes. 

Decorator's Varnishes. —^These varnishes, as their name implies, 
are intended for use*by t4ie Tiouso decorator. It k not expected 
that they should I® subjected to such severe conditions of exposure 
as in the case of coach- or m«tor-body varnishes. With the excep¬ 
tion of gold size or preparation varnish already referred to, they 
are characterised by a fair degree of*ola^icity and moderate speed 
of drying. • 

Church Oalc is a term usually applied to a varnish yielding a 
specially hard film, which does nol»soften appreciably at tempera- 

* The formula) given in AnS^s’ Rewplhuch fur Bad- u. Farben-Industrit, 
III. Aufl., 1922, are an illuetration of tnjp etatement. 
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tiiren lip to 40° C., and so nan used on si^ats. iThe hardness of 
the film is ofUm obtained by the addition of lime to the gum-oil 
combination.’a ealeium lesinate of high melting point being formed. 
Much depends on the quality of the resin used, whieh must be 
present in suffieiimt quantity to impart hardness and at the same 
time not to reduce elasticity. The index of refraction of a varnish 
is stated to Ix^ higher than that of its component parts (Sabin), 
and skill in operation will ])r(Kluee a brilliant varnish with a larger 
proportion of oil and increased elasticity. There are so many 
variables that no tw o varnishes from different sources will lie alike. 
A German iiiriety of ehureh oak (Kirchenstuhihvck) may contain, 
gum-rosin and oil in the iwoportions of two to one, but such a 
mixing, although hard, would lack elasticity and Ix^ liable to crack. 
It is possible to obtain a more satisfactory' coating containing a much 
larger pro])ortiion of oil with the leqiiisite haidness and elasticity. 

Floor Varnish, Verm's jioicr jtlanchrrs, is .softei' than church oak. 
It is similar to flatting, but need not Ix' rubbed down, and will 
not bloom. The proiiortious of resin to oil may be 12 to IS galls, 
of oil jier 100 lb. resin, but they vary in different countries. In 
Franei' the proportions of gum to oil an^ 24 : 27, or 20: 20, with the 
addition of driei'.s and thinners, according to the manufacturer’s 
own methods. A German floor varnish may contain copal and oil 
in the proixu’tionsof 10:,7 or 7-5. The floor is previously stained 
with-an oil stain whieh sinks into the wood, and is then varnished 
over. Such a varnish ought to dry over-night. A spirit varnish 
may Ix' u.sed, but it lacks the durability of an oil varnish. 

Flallirm Varnish. Vemis Jlatlhuj, SchleiJIack, is used extensively 
in some countries as a finishing varnish for wocxl, especially in 
climates where bhxun dix's not form. The jiroportions of resin and 
oil in Prance are : 2.5 kilos Gongo copal, 2.5 linseed oil, 50 kilos 
thinners, with 1 -7 kilos of lead linoleate, 1 kilo of dried sulphate of 
zinc, and 0-35 kilo of mangane.se resinate. In a German flatting the 
proportions of cojial to oil may vary Ixitween 10 : 7-.5 and 10; 15. 
In England flatting contains resin and oil in the proportions of 
00 lb.: 8 galls., with about 11 galls, of thinners. Platting varnish 
is used as an undercoat, drying quickly to give a haril surface, 
so that it may be rublx^d down about twelve hours after drying 
to give a dull surface whieh will not sweat h|), repons.se an gras, 
on standing. The addition of the finisiiing coat on the rough, hard, 
flatted surface provides a satisfactory aiffiesion of finishing and 
undercoats. It is not expected that flatting ined as a finishing coat 
will have durability on exjiosure; also it is liable to bloom. 

Front'Door Varnish must coinbin* elasticity with hardness, and 
will contain more oil than funiiture varnish (10 parts copal with 
15 parts oil, by weight). ,It iliust be free from bloom. 

Inside Varnishes.—Por inside varnishes manila copal, or one 
less hard than Gongo or Zanzibar, may ■ be employed, and the 
proportion of oil is higher than ip flatting or church oak. Coffignier’s 
figures may be taken as fairly typical, except that Congo copal is 
praferred to manila. 
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Manila 

Limwl Oil. 

ThinncrB. 

_ __ 


~ « 

22 


44-5 

225 

:u> 

__ 

40 


The driers are ]K’eiiliarly Freneli; ejj. 1 ■!> kilos lead linoleate, 
0-75 kilo dried siiljihah^ of zinc, and O itTokilo manganese, resinate. 
Inside varnislies mint have satisfactory Ivardness and gloss, but 
not necessarily great weather-resisting ])ower.> These varnishes 
must he eonsidared froih a deeoratixi' standpoint as well as from 
a protective standpoint. .\ decorator in.sisl-s niion lustre and flow 
and ahsenee of “ hloom ” on the lilm. The reipiirements for a 
jirotcetive coating ai’c set oiif in the Uritish Aircraft S]ieeilie.ation 
2 X. 7 (1020), which may he summarised a.s follows : 

'J'he varnish shall he clear and hi ight and shall he manufactured 
on an oil basis. The viscosity, when detminined by means of an 
Ostwald viscometer at. 25 ' ('., shall he Jietween 30 and 55 when 
compared with glycerine (100), see page 257. The varnish, when 
“ flowed on ” to a glass plate, shall dry at 70° F. (21° G.) in not more 
than eight hours. The lilm produced when the varnish is flowed 
on to a glass plate and allowed to dry for twenty-four hours at 
70° F. (21° (h), and suhscipiently heated for two hours at 212° F., 
shall shmv no signs of brittleness when scratched with the point 
of a |H‘n-knifi'. 

'I’lie lilm prodma'd on a glass (ilate ami allowed to dry at. 100° P. 
in an atmos|ihere charged with burnt coal gas shall not web or 
W'linkle to any aiiprcciahic extent (see page 2tS). 

Mixing I'lirniHli .—'Phis is sjieeially intended for imparting 
gloss to oil paints, so that it should have as low' an acid value as 
possible, otherwise “ feeding U]) ” with basic jiigments may occur. 

White Oil Vurnishes are made from the pale.st gums and oils 
for application on delicate colours. 

Crystal Paper Varnish is a dammar varnish which is almost 
colourless, and is u.sed for apjilieation on wallpapi'rs, etc. 

Furniture Varnish. —This variety is of variable eomiiositinn. 
It is no n,se sup^ilying* material which will last longer than the 
furniture, so that the introdijetioe of ordinary vt)sin is very common. 
The pro])ortions (,1 re,sin to oil in America are UK) lb. of resin and 
12 to 15 galloiis of oik • , 

In Germany the proportions of gum to oil ate 10: 15. In 
re-vamishing furniture, a number of thin chats of a varnish made by 
incorporating 100 lbs. rosin ^ith 15 to 20 gallons oil are applied, 
rubbing down .Ix'tw'eon each coat ijntil the requisite brilliance is 
obtained. The varnish must Ixi free 4'om bloom, and for that 
reason some authorities state that the copal must be carefully 
selected, and that no thick acid oil must be used in the manufacture 
of high-class varieties. » • 

» • A^nila^fopal. LacklciDoI. 

5 


Innenlackf Mobellackt Dckorationfihick . 
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Cabinet Varnishes aro hard and quick-drying, with largo resin 
content giving a high gloss, but with no weather-resisting properties ; 
moreover, they are liable to bloom. 

Coachbuilder’s Varnishes.—These rejjresent the highest art of 
the varnish manufacturer, and are characterised by careful prepara¬ 
tion, long maturing, .special selection of gum resin and of oil; the 
nature and proportion of driers will vary according to the purpose 
for which the ])articular varnish is destined. None but specially 
selected pale hard n-sins and carefully treated oils would be suitable 
for the pale varnishes known in the trade as French Oil, Maple 
and Venice BcKly Varnishes. The terms “ body” and “ carriage”, 
referred formerly to the application to the body ('doors, roofs) and 
the under portion (wheels, etc.) of coadies. Sueh varnishes used as 
finisliing coats must be dust-dry in twelve hours. They must give 
no deposit on standing; their films must b(! free from bloom, must 
retain their lustre on W’eathering for several years, and must not 
crack. The undercoating varnish (hard body) ought to dry in ten 
to fifteen hours, preparatory to being rubbed down for the apj dica¬ 
tion of the finishing coat'; The general composition is essentially 
the same in English, American, French, and German factories, 
although the qualities are often widely different. In England the 
general formulse may be summarised as follows : * 




Oil. 

Tliiimers. 


ia>. 

OallK, 

Oivllf'. (avpmx.) 

Finishing body . 

<)0 

15 

15 

Elastic varnish . 

(iO 

12 

13 

Hard elastic varnishes 

(50 

10 

12 

Quick hard drying 

60 

5-(5 

12 

Polishing liard drying 

60 

2-3 

M 


For an American rubbing varnish (for the undercoat), 100 lb. of 
gum are incorporated with 6 to 12 galls, of linseed oil. A French 
finishing varnish may contain 16 parte of hard resin, 42 parts of oil, 
and 42 parts of thinners, together with 2'25 parts of lead linoleate, 
1'125 of dried sulphate of zinc, and 0-66 of mangane.se resinate. 

Formula! for elastic outside varnishes are given by Goffignier 
as follows : i. 



Hi's!!!. 

Oil. 

u 

Thinnore. 


Kilo'. 

Kilos. 

KilOH. 

Vernis 4 oaisses . 

20 

40 ' 

40 

Vemis & trains . 

21 

47 

32 


16 ’ 

1 

38 

1*1 litharge, 6r*070 MnO* 

46 

r 


■ 

2, lead linoleate, 1, copperas 
(dHed), 0‘5 Mn. r(»inate 


Vernis A caiss^s oorrespends to finisliing body. Vernis S trains corresponds 
to the hard elastic varhiSies mentioned above. 
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The proportions given in German literature for body varnishes 
are as follows ; 



Kc-sii). 

Oil. 


Kiiun. 

Kilos. 

Out-orwagonlack, MascJiinonkopallack 

10 

10 

Kutsohonhwk. 

10 

tr.-20 

1.4olcoinotivlixck. 

10 

10 

Kiitschonlock (fichnolltroeknend) 

10 

10 


It is reeoTiimended that no lead driers should be used in finishing 
bo<ly varnishes (Seeligman and i^ieke). A Freneb sp(Kltioation 
for inotor-eoaeh work statt's that oil treated with lead should not 
be used. The presenee of lead in the form of an oil soap will 
b'nd to produee ehalkiness on exposure to rain, but it will tend 
to reduee bloom. Another formula for varnish for railroad coaches ^ 
is given as follows : resin 10, linseed oil 15, stand oil ()-5 ; driers : 
lead and manganese resinate 0-5-10, lime 0-l-0-2o, turjxmtine 
20-3.') kilos. 

It is evident that by blending hard body varnish with finishing 
body, desired grades of hardness can be obtained. A firm may 
offer fourteen varieties of coaohbuilder’s varnish, each with its 
own sjx'eial f)metions. 

hVom the standpoint of a ])rotee,tive coating for external wood¬ 
work, the British Aircraft Specification (2 X. 0, 1020) reepures a 
rate of drying of eight hotirs at 70"' F. (21° 0.) on glass. The dried 
film shall be “ hanl dry,” i.e. in such a condition that a second coat 
of varnish could be satisfactorily applied in not more than forty- 
eight hours after application. A film of the varnish on a panel of 30 
S.W.G. tinned iron, after air-drying for twenty-four hours at 21 ° C., 
stoving at 100° C. for two hours and allowing to cool for one hour, 
shall stand bending over a J) in. diameter rod without cracking at the 
point of Ixmding. The viscosity at 2.')° C. shall b<' 32-05 (glycerine 
= 100, s.g. 1 -20 at 15° G.). A film of the varnish on a clean glass 
plate when dried at 3H° 0. (100° F.) in an atmosphere charged with 
burnt coal giis shall not .web or wrinkle to any appreciable extent. 

'I’bsts for resistance to water, lubricating oils, and {)etrol : 

Diirahility. —The varnish khall produce a film sufficiently durable 
to withstand for at least s.vx months the deteriorating effects of 
ordinary weat her and*service Conditions. • 

Resistance to Litimeatinr/ Oils .—The varnish shall be applied 
to a glass plate and allowed t* dry for seven days at roonf tempera¬ 
ture, after which time the plate shall be immersed in the lubricating 
oil (castor and^^or mineral) for two Bour^ at 125° F. (.52° C.). It 
shall then be removed from the oil and wiped with a spit rag 
moistened in petrol. The film shall not be permanently injured by 
this treatment. , > 

Resistance to 'Petrol .—The varnish shall Jxs applied to a glass 
plate and allowed to dry for sewon days at room temperature, 
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after which time the plate shall be; immersed in jH'trol for fifteen 
minutes. It shall then be removed from the jMjtrol and allowed 
to dry for thirty minutes. The film after this treatment shall 
regain its original condition and appearance. 

Varnishes for Special Purposes.—This class includes boat, 
yacht, and spar varnishes, which are specially prepared to with- 
stiind iinmeision in water ; lilling and priming varnishes, and gold 
sizes, w'hieh have been already inferred to under fillers (pagi- 217); 
stoving varnishes for the proteidion of metal plates where rapid 
application and great hai'dness are essential ; polishing varnished 
intended for decoration of articles not ex|)osed to the weather, in 
which the linish is obtained by hand-polishing the 'dried film. 

Boat Varnishes.—A boat varnish should gi\'e a lilm imiairmeable 
to water, able to withstand the action of the sun and weath<>r, and 
not turiK'd milky on immersion in water. Elasticity is essential, 
and (Iiina wood oil is becoming more and more a eomjionent 
of th(‘se varnishes. An American spar varnish, which is used for 
coating the woodwork not directly in contact with the water, 
contains 25 galls, of oil j» r KK) lb. of resin. From what has been 
stated w'ith regai-d to the water absorjition of varnishes, the presence 
of learl with non-polymerised linseed oil is undesirable, and a high 
jK-rcentage of resin, although increasing the water-resisting power, 
will dejirive the coating of the necessaj\v’ elasticity to withstand 
changes of temjH'rature. It is evident that polymerised oil will 
be an important component. .4b.straet.s of-specifieations (F.nglish 
and American) will show the reijuirements of seaplane, boat, and 
s])ar varnish. 

Seaplane Varnish.-- The British Standard Aircraft SjM'eification 
X. 17 (1920) requires that the varnish shall !«■ clear and bright and 
shall be manufactured on an oil basis. It may be sujiplied as under- 
coating and linishing varieties. The viscosity shall lie betw'een 35 and 
65, as determined by means of an Ostwald viscometer at 25° C. 
(glycerine-100). The varnish, when flowed on a glass jilate, shall 
become “ dust-dry ” at 70° F°. (21° C.) in not more than twelve 
hours for dual-coating varnish, eight hours for undercciating varnish, 
and fifteen hours for finishing varnish. In the latter case the test 
shall lie carried out both on the finishing varnish separately and 
over thi' dried undercoating varni.sh. 

The film produc'd when the seaplane varnish is flowed on a 
glass plate and allowed to dry for twenty-four hours at 70° i'. 
(21° C.) shall be glossy, elastic, and ft'eti from blemishes, itfid shall 
retain these ])foperties for at least six months under service con¬ 
ditions. .The elasticity, webbing, an{l resistance to petrol and ■'oil 
have already been descrilied under the requirements for outside 
varnishes, < .••• . 

Meaietance to {Fofer.-f-The following conditions have been pro¬ 
posed by the writer: Weighed glass or^ aluminium plates are 
completely immersed for 1 min. in the varnish at 20° C., and then 
withtJrawn at a uniform rate of 1 in. per 10 secs.,by means of wire 
pacing over a frictiohless pulley^ The. -varnished plates are allowed 
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to drain at the ordinary temperature for eight hours and stoved in an 
electrically heated stove at 48‘'-54° C. in a current of air (5 litres per 
hour) until constant weight is obtained. The plates arc completely 
immersed in N/400.NaCl. aq. (distilled water is unsuitable), and 
weighed after three days' immersion. Before Wfiighing the ])late8 are 
lightly pros.sed between blotting-paper to remove adherent water. 
Th(! gain in weight of the varnish film must not exceed 8 per cent, 
and the? film must remain clear during the immersion. 

The American sjK'cilieation ■'* for a spar varnish is fuller in d(!tail 
and more stringent. The additional requirements may be sum¬ 
marised as follows ; Coh(ir -Not darker than a solution of (i grams 
])otassium diehrohiate in KKfe.e.srdphuric acid (s.g.l -84); Flashpoint 
- Not Ik-Iow 35" (f)5‘’ P.) ; Fon-mhtile mailer —Not less than 

40 jicr cent by weight, it shall s<‘t to touch in not more than five 
hours, and shall be dry and hard in not more than twenty-four hours. 

Water Bcsislanre. —The dried film must withstand cold water 
for eighteen hours and boiling water for twenty minutes without 
whitening or dulling. 

Workimj I’roperlics. —'Varnish must have good brushing, flowing, 
covering, and levelling projH'i'ties. 

Tomjlmess - Tlu; film on metal must .stand rapid Ix'iiding over a 
rod 3 mm. (( in.) in dianx'tev af. 70'-80" P. Pull details as to the 
J,aboratory lixamination are given in th(^ Circular raentioiu'd in 
the referenei^ at tlu^ end of the chajrter.® 

Sieving Varnishes. Th('se varnishes are re(|uired especially by tin 
box makers. They are stoved at l-t0"-400' P., the time and tem- 
pcratui'c varying according to the kind of varnish and the local 
condif.ions. If the plates be de(a)ruted with light colours these 
would darken if heated too sf.rongly. In other case.s speed is the 
important requirement. It is therefore nec('ssary to produce a 
variety' of varnishes to mi-et the varying conditions. The require¬ 
ments are c8.sentiall,y great hardneas and ehustieity to stand atam])ing. 
Gold stoving for tins must often be able to resist the action of 
boiling watei- and .steam without deterioration of the .surface, or 
detachment from the nu'tal. It is evident that they' must be on 
a good copal linseed oil basis, or, if great water-resisting power be 
requireil, a varnish on a wood oil basis is advisable. 

Plano and PoUsWng 'tarnishes. -Preneh polishing with a shellac 
varnish is being ti placed bv».speu.'d liai'il oil varnkslies, which give 
a lustrous finish, reskstance to sea air and to extremes of heat and 
cold, and whh h, unlih^i shelhwa do not crumble or jK-el off. Besides 
the great shortening of tftc process, mw^ less sk‘5lled labour is 
nsquired in their application. ,The preparation of the wood previous 
to applying the varnish is more elaborate than usual. It is first 
carefully cleanod and planed, and a« oil wood-filler is applied in 
the form of a paste tbiimed to the ooftsisteney of a paint with 
turpentine, and well rqf)l)ed in against the grain of the wood. If 
the pores of the wood are fine a single treatment is sufficient, but 
with coarser-gramed woo(^ e.g. ohk and American walnut, the 
rubbing in must be repeated. Hje filler must be applied so as to 
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eave an even surface of wood, free from particles of the filler ; 
ks it contains a little varnish, drying in about ton hours, the mineral 
natter of the filler is bound in the pores of the wood (see page 217). 
[n the American proce.ss th<! polishing varnish is applicsd directly on 
ihc j)repared surface, but the German (uistom is to impregnate the 
illed surface with a solution of shellac or collodion. Many woods, 
iuch as maple, beech, and lime, arc not filled by the oil wood-filler, 
ind require further impregnation. The j)repared surface is lightly 
•ubbed over with sand-paper before varnishing. The varnish must 
X of the bt'st quality, must dry hard in about twenty-four hours, and 
Be free from tack ; moreover, it must be hard and elastic, and must 
yield to the expansion and contraction of the'wood. It must 
itand superficial polishing and be neither too brittle nor contain 
ioo miich oil, whereby its lustre would be n'duced on jiolishing. 
In some schemes one coat is applied daily until four coats have 
been brushed on. The varnish must dry in air in from one to one- 
and-a-quartor hours at the ordinary temjx'rature. 

The drying room must be du.st-free, and the air should be 
previously washed and warmed and its moisture content maintained 
at 60 per cent saturation. The presence of moisture prevents the 
varnish from forming a skin, which would retard tlu‘ ev^aporation of 
bhe solvent, and permits of complete oxidation. The i)ercenta,ge 
Bf moisture must not risb alrove 70 per cent .saturation, otherwise 
Dondensation may ensue and impart a net-like pattern to the 
surface. Oval and broad forms of varnish brushes are used. It 
is not advisable to allow the worker to add thinners to the varnish 
indejxmdently, as it is of importance that the surface should be 
free from defects. After adequate hardening the film is flatted 
down with felt and water and jjutnice, but not so strongly as to 
cause small depressions in the film. The surface is then washed 
and dried with chamois leather. Next day a second coat of varnish 
is applied and after twenty-four hours rubbed down with water 
and rotten-stone. The surface is now serai-lustrous, and in order 
to give a high lustre it is polished with a cotton-wool ball saturated 
with a polishing liquid, or with chamois leather and line Vienna 
chalk and petroleum. If four coats of varnish be applied, six 
days are required for the whole proce.ss, because the work is allowed 
bo remain for two days after varnishing before Ixdng hand-polished. 
Another scheme cohsists in applying‘three successive coats, each 
of which is stoved in a damp atmosphqrc for ten hours at 80"-90° F. 
The fourth co^t is stoved at the sairte tfinperature, but in-dry air. 
The work is rubbed down with fine pumice and water, using felt, 
and finally polished with oil and rottep-stonc. The hardening of the 
varnish between the coats is of great importance. v 

In the German system Jttger recommends thhining the filler 
with collodion coptainin^ .a soft resin, and after the varnish 
coating is applied, polishing the hard surface with sand-paper, 
Finally, the firpshing coat is treated with a collodion thinning 
liquid^ whereby its surface is tardencej and rendered smooth. A 
duqj-free rodm is unnecessary, hfit the lustre is not so good as in 
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the American process, and sand-papering is apt to cause fine scratches. 
Polgenauer (Allendolae polishing process) applies a film of collodion 
containing resin on the filled surface, then the varnish coating, 
polishing between each coat with sand-paper and water containing 
a small quantity of oily substance. The last <!oat of varnish is 
rubbed down with a polishing ball containing polishing oil, alcohol, 
and acritonc.’’ In th(' final polishing with a shella(! varnish where 
a thin lac film is required, oil must be very sjiaringly used, and a 
little celluloid may be mixed with the shclhu; to impart (diisticity. 

Violin Varnishes.- 'I’lu’ effect of varnish on the quality of a 
violin is a debatable srdqect. All that can Ix! said with regard to 
the varnishes on*famous violins is that they were! of (dastic resin-oil 
character. It has been stated that an oleoresin. e.ij. Venice turpen¬ 
tine, dissolved in linseed oil was the basis of the (Iremonesc, 
Venetian, and Neapolitan varnishes (G. Pry, Varnislm of the Italian 
YioUn-imkers, 19f)4). 

Matt Varnishes. In order to reduce the gloss of a varnish 
surface, and at the same time to ndain the protective proixutics 
and smootline.ss, it is customary to (uubody a suitable wax, e.g. 
paraffin wax, in the warm vai nish. On cooling, the wax separates 
out, and it is advisable to warm and to shake liefore using, so 
as to ensure uniform admixture. Such a varnish lamsists of a 
thin size in which th(' whihi wax is sus]X'nded, e.g. 70 parts 
of gold size, 1.5 ])aits of turyientine, and 2 parts of white paraffin 
wax. Ik'ing thin, tin? varnish dries rapidly and gives a smooth 
matt surfacic. Wifh the intisKluetion of China wood oil the 
prosjieets of obtaining a matt varnish without paraffin were 
improved. The varieties containing paraffin could not be stoved. 
Many formulas have been ])ut forward as yielding good results, but 
the conditions of drying and stoving must be carefully complied 
with; excellent results are sometimes produced, followed by 
complete failure if the conditions be varied. Aluminium tungates 
have been recommended in the form of an artificial alumina com¬ 
pound bound by saponification with the oil varnish. The following 
mixture has been suggest'd: 90 parts oil varnish and 4-10 parts 
basic alumina compound, such as alumina, its hydroxide, or a 
special basic aluminium silicate. These are rubbed together anc^ 
the strongly thickened pt oduots diluted with thinner.® 

Some matt varnishes cont(|,in cs'rbonate of mrurnesia in suspension. 
The general principle a])pears to bo the holding of the fine pigment 
in suspension i)y mc^s of ftij emulsifying agent, or else to mix a 
suitably ground alumina lompound with a varnisH and apply it 
at once with a brush. In this case .sueJoss will depend on the 
nature and fineness of the "pigment. If a suitable emulsif 3 ring 
agent be employed, the mixing wiU remain permanently turbid 
without separation of the pigment. * 

Gold Size.— -Gold size is essentially a priming, setting, and 
hardening varnish, and*gives no highly lustrous surface. It can be 
used either alone or as a hardeningelrier when misted with colours. 
The proportioM bf resin t& oil me more or* less the same in all 
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countries. A French gold size, according to (^oiBgnier, may con¬ 
tain 17 parts of manila gum with 25 j)arts of linseed oil and 68 
parts of thipners, with which arc incor])oratod 8-25 parts of lead 
linolcatc, 5 parts of dried zinc sulphate, and 1 -7 i)arts of zinc 
resinatc. A (ilerman pale gold size will contain 90-7 paints of resin 
for 130 parts of linseed oil, the same, resin-to-oil proi)ortions as in 
the French variety. The. driers are added in the form of litharge 
(907 parts) and (22-7 ])arts) manganeses dioxide, previously rendered 
soluble in the mixing by treatiiient with 9 parts of nitric acid and 
dried at 140“ (!. 

The abovi^ relate to coach gold size, which ought to air-dry in 
about two to thiee houis. dapan gold size will b(! referred to under 
japans and bitutninoiis varnislu's. 

An old formula for an English japantu'i's' gold size is as 
follow.s : Two lots of 10 lb. aniini gum or hard copal are run ndth 
2 gallons of oil; aftor addition of 10 more gallons of oil the whole is 
boiled well for two hours, with (aireful addition of 7 lb. of red lead, 7 
lb. of litharge, and 31b. of coi)peras,and linally thinned with 30 gallons 
of turpentine. This-gold size is stated to dry in ton minutes. 
A slow(!r g(tld size for gilding purposes (giklei's' size) is stati'd to 
consist of 8 lb. of cojwil, 2 gallons of oil, heateil until stringy, to 
which 6 gallons of boiling oil are added, and the mixing thinned 
with turjamtine. Smne I'lnglish gold .sizes contain more copal 
resin and less lead oxide tluin in thi^ above formula, the amount of 
l((ad oxide depending on the variety of size re(|uired. 

Protection of Timber.—A specification for tht^ piotoction of 
timber has been jmt forward by the British Engineering Standards 
Association,® recommending precautions to be observed in treatment 
of the woodwork of aerojdanes, seaplanes, and flying boats. The 
scheme deals with mabirials for jwotcction rather than for decora¬ 
tion, and includes treatment of internal (unexjxjsed) and external 
(exposed) woodwork. 

The materials shall be, applied by means of a brush or spray.* 
In the case of “ priming varnish ” the apjdication may also be 
carried out by means of “ dijpung.” (fare should bo taken that 
the whole of the woodwork is completely covered with every coat, 
and no coat should l>e ai)i)lied until the previous coat has been 
allowed to become thoroughly dry. The ])rotoetive treatment 
should be carried oat in properly ventilated rooms, the temperature 
of w'hieh should not be below 50" F. (10° 0.), and preferably aboflt 
70“ F. (2r C.). »' „ 

* protective Treatment. 

Class ‘,4.—Internal (unexposed) Woodwork. 

(a) Parts not coming into pontact with doped faj)ric : 

Procedure 1. '{’here Ihpuld be applied one coat of Priming 
Varnish followed by one coat of Internal Wi)odwork Varnish ; or 

* In the appUwition of a short ojl varnish hy means of a spray, imless the 
vami^i bo warmed previous to application, a mottled .surface is obtained. 
This does not occur whefi elastic vamj^ies are used (see pagp 222). 



TYPES or OIL VARNISHES 239 

Procedure 2, There should bo applied two ooats of Shellac 
Varnish ; or 

Procedure 3. There should Ije applied two coats of/l’ransparent 
Nitrocellulose Varnish. 

(fr) Parts corning into eontarrt with doored fabric : 

Procedure. 1. There should 1 m‘ applied one coat of Prinring 
Varnish folhtwed by one coat of White Dope-resisting Pairrt; or 
• Procedure 2. Ther'c should be apitlied two coats of Transjrarent 
Nitr’ooelluhrse Varnish. 

('km li .—External (exjrosr'd) woodwork. 

Parlu which arc nol tailed : 

(1) Using Varrrish. Ther’ir should be a]r)tlied one coat of 
Pritrring Varnish followed either by two coats rtf External Wood¬ 
work Varnish or by one errat rtf Internal Wrtodwork Varnish and 
ontr coat rtf K.xternal Woodwork Varnish. 

(2) Using Paint. There should be ap]rlied one coat of Priming 
Varnish follrtwrtd by one ooat of Undereoating Grey Paint and 
thereafter one errat of Aluuriniurn Paint. 

Paris which arc kiped. (rhrlails as to the a^rplieation of the tape 
are given iit the Notes).—Thrr two rrrethods of jri'oeedui’e are as 
follows: (I) One coat of Un<lei'e(>ating Gr'ey Paint followed by 
(tne tioat rtf Ahintirritrrrr I’aint .should be apjrlied to the taired part. 
(2) One coat of P.tk 12 Varnish followed by one coat rrf Vk 84 Varnish 
(21). 103). 

Frjr the woodwork of Hitlls and Floats the details of treatment 
of inU'rior and exter ior wottrlwork are as follows: (a) Interior of 
Flouts. Thertr shrnrld be ap|)lied two coats of Pitirraiuous I’aint. 
{h) Exterior of Floats. Ther e shortld be ajrplied to the woodwork 
one coat trf Undereoatiirg Grey Paint followed by one coat of 
Aluminiunt Paint, (r) Interior of Hulls. To the bottom of the 
hull anti the underside of the fins there should be applied two coats 
of Rituruinous Paint followed by one coat of Undorerrating Grey 
Paint. To the remaindm- of the hull there should be applied rtne 
coat of Prirriiitg Varnish frtllowctl by one ooat of Undercoating 
Seaplane Varrdsh and jtne coat of Finishing Seaplane. Varnish,* 
or by two coats of >Sea|tlaito Varrrish w hen such a varrrish is supphed 
as a single varrrish frtr both irndercoatiirg Attd finishing coat, 
(d) Exterior of Hulls, (i.),Below the water-line. There should 
be applied two coats*of Bitrjrrrinrrus Paint follower) by one coat 
of apprrtred Arrti-fouling Composition, (ik) Above the water-line, 
(a) Using Varnish. There sl^ruld be applied one coat of Priming 
Varnish followed by one coat of Undereoating Seaplane Varnish 
and one coat of Finishing Seaplane’Varnish, or by two coats of 
Seaplane Varnish when such a vanrish is Applied as a single varnish 
for both undereoating and finishing coat. (6) Using Paint. There 
should be applied one coat of Pri^ning Varnish followed by one 
coat of Undercoiiting Grey Paint anri one coat of Aluminium 
Paint. * 
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Black Japans and Bituminous Varnishes.—These preparations 
occupy a siKicial position, since they have for their characteristic 
ingredients a bitumen or asphalt. Both gum resin and oil may 
or may not Ui present, as the asphaltic substances differ far more 
widely in their hardness and elasticity than the various gum resins, 
and their proportic.s can be modified with greater facility. The 
most important bituminous varnish in the higher branches of the 
decorative eraft is known as black jajian.* The method of ])repara- 
tion, s|X'ciiic (thoice of ingrcidients, etc., vary widely with flifferent' 
manufacturers. The specific purpose of black ja])an is in the 
production of a brownish-black ground of particular translucence 
or dei)th, thus differing from pigmented jneparations (black enamel), 
which ap]K‘ar to reflect their de.])th of colour from the surface only. 
The main use of black japan in the ooachbuilding trade is in the 
treatment of mud-guanls, etc. The. varnish is obtained by amal¬ 
gamating specially treated oil of great drying power with suitable 
bitumens, in the same manner as deserilK‘d in the manufacture 
of copal varnish. The japan itself rarely }K).ssesses a great degre<! 
of elasticity or weather-.resistance, so that it requires a coating 
of a suitable finishing varnish. The art of the varnish-maker 
consists in the prepanition of a japan of great degree of de])th 
and intensity of colour without employing so high a projmrtion 
of bitumen that solubility of the latter in the ensuing coat takes 
ydace, a condition manifesting itstdf by the appearance on the 
finished work of an undesirable greenish fluorescence. 

The shade is difficult to control, and some jaj)ans give a chestnut- 
black coloured film, duo to the variety of pitch used; the latter 
must be carefully selected and sweated to remove volatile bodies 
likely to interfere with the lustre and to leave the film tacky. 
The coating ought to stand polishing the day after ap^fceation. 
It is difficult to give a general formula for these coatings, as the 
quality depends so largely on the selection of the materials. The 
components are hard resin, bitumens (natural and i)etroleum 
asphalts), and boiled oil and turprmtine. The following formulse 
may be taken as roughly representative : 


Hard gum .... 25 

^flphaltuni or potroleuiu pitch K'4 
Boiled oil ... . 16*8 

TurfKintiiio . • f • . 49’8 


11.17 20-| 

11.15-9 201 
11.17-6 20f 

11.17-6 2o; 

1 


dries in the | 

■ air in 24 J Coflignior. 
hours. I 


Another formula contains Egyptian bitumen 12-6, bone pitch 2-5, 
rosin 2-5, linseed oil 45, turyxintine 30, flatting 39. 

Attempts have been, made to introauce aniline blacks in place 
of the pitch, in order to obtain a inore,intensc black, but the addition 
results in the reduction of the drying power of the film. 

< r 

* The term Japan, as apitied to subatancea which promote the drying of 
a paint film, denotes'generally'liijuids which dry to a hard film possessing 
tfbnaiderabfe coherence (cf. Japan Drier). Japan driers give a harder film 
than the oleo-drijrs, which are efewtio and of a drying-oil character, whilst 
driers are of the nature of a resin vaynish eontiuning resins or roain 
With lead and manganesu. 
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Some japans consist of bitumen with boiled oil and thinners, 
so that there is a gradation from the coaohbiiilclpr’s black japan 
to the ordinary Brunswick black used for gratesjand iron work. 
The introduction of Prussian-blue into the boiled Imsoed oil is said 
to give a fine black jajian of good hardness. Coffignier gives the 
following formula : 

.liidea bitumen, 19 ; Matlagasear resin, 12 ; boiled linseed oil, 30 ; 
and turjientinc, 39 per cent. 

* Air-drying Black Enamels. These are made on a similar plan 
to the eoachmakers’ black japans, but consist of material which 
is not so carefully selected, ejj. asjihaltum, rosin, boiled oil, and 
petroleum fhinnws. Home contain only pitch, bdiled oil, and 
tui-peniine, and are iiKU’cly Brunswick bhniks, for which the following 
formida may be considered as fairly representative : 

4.') lb. pitch, () galls, boiled oil, and (> lb. litharge, boiled until 
stringy and then cooled and thinned with 2.') gallons of turpentine. 

Another forimda. may be given, viz. : 

(jilsonite 32 lb., boiled oil 14 galls., and turpentine ,'54 galls. 

A black foi- iron wtwk is eom])ounditd «n somewhat similar 
lines, i.r. : 

Asphaltum 4S lb., boihal oil 10 galls., and 8 lb. dark copal 
gum in 2 galls, of hot linseed oil. As driers, 7 lb. of red lead, 7 lb. 
of litharge-, and 3 lb. of white copperas arc incorporated in the melted 
mixture, which, when cooleil, is thinned with 30 gallons of turpen¬ 
tine. A eeitain amount of coal-tar ])iteh (wn be incorporated 
Avith asphaltum to give air-drying black varnishes in which tur})en- 
tin« and petroleum .are used as thinners. 

A ()uiek air-drying black varnish suitable for all kinds of 
ii-on work can be made by melting 28 lb. of coal-tar pitch with 
28 lb. of asphaltum and boiling for eight hours, with iiubsequent 
addition of 8 galls, of boiled oil which Ls incorporated by heat. 
After the addition of 10 lb. of litharge and 10 lb. of red lead the mix¬ 
ture is boiled until the mass will set hard between the fingers, and 
after cooling is thinned with 20 gallons of turpentine. The varnish 
will dry in one to two hours. The addition of a small quantity 
of coal-tar spirit (i)henol and its homologues) will improve the 
solubility of the components of black varnishes, but it reduces , 
the air-drying ])ower and is generally restricted to stoving black 
enamels. , 

It is evident that the varieties of blacks will be large in number 
and have qie, lal najqjis accbi^ing to their requirements. They 
may be bright er dead; e.g. flcriin black used for grates and fenders, 
in which che introduction o4 a black pigment such ag carbon 
black produces the matt ai)}H?arancc. (loach- and motor-builders 
require a black, japan of first quality for mud-guards, etc., a 
quick black for iron work drying in abouf4,an hour, a black petrol- 
resisting varnish of brilliant lustre, dust dry In one hour and 
hardening in two to foul- hours, used for touching up, and a dead 
black metal jmming capable of stanSing a great heflt for eylinders 
and motor cars. 
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Reference to British and American specifications will give some 
idea as to the requirements to be fulfilled by certain air-drying 
black enamels, ,,, 

British Standaro Spucimcation kor AiRORAfr Material 

Bituminous Paint (2 X. 9, 1929).—The paint shall consist of a 
solution of high-grade bitumen, and in arldition to satisfying clauses 
of this specification shall comply with the special requirements 
of A])pendix 1 (Speifial test for bituminous paint: Two coats of 
the ])aint shall be ajqfiied to a wooden panel and, after remaining 
sixt(H‘n hours in bright daylight, a coat of Tung Oil Graphite Paint 
shall be applied. The film of paint shall become dry after not 
more than eight hour.s, and shall fidhere to the bituminous under¬ 
coating). 

Cmsislmry The ])aint shall be of such consistency as will 
allow of easy ap])lication with a brush or spray. 

Itale of Dryiny - The jiainl, when applied to wood, shall dry 
in not more than six hours at a tem])erature of 70" K. to a glo,ssy, 
smooth, hard surface', which doe,s not become ,soft or tacky when 
the temperature is raised tt) 100° E, 

Elasticity.—The paint, wdien ajjjJied to a strip of thin plate 
(about 0 036 in. thick) and allowed to dry for twenty-four hours 
at 70° F., shall show no signs of cracking when the tin is bent 
round a {-in. rod through 180° and straightened out again. 

It is evident that this ])aint belongs to th(' cab^gories of Brunswick 
black or iron-work black jirevdoiisly descrilKul. 

Air-drying Black Enamel (2 X. 10, 1920).—(iVofi . -'Fliis material 
is to be used only for touching u]) metal parts.) 

Description The enamel shall be suitable for diretd application 
by brush or spray. A single coat .shall produce a complete covering. 

Rate of Dryirtg .—The enamel, when applied to a metal surface, 
shall dry at 70° F. (21 ° C.) in not more than eight hours to a smooth 
glossy film. 

Elasticity and Adhesion. —Thc! film of the enamel shall be 
tested for elasticity and adhesion as follows: 

The enamel shall be applied to a panel of 30 S.W.G. tinned iron 
and allowed to dry in a nearly vertical position for forty-eight hours 
at 70° F. (21° G.). The panel shall lx? bent rapidly double over 
a J-in. diameter rdJ and straightened out again. The enamel film 
shall show no signs of cracking at the point of tending and shall 
adhere to the. metal surfaee. j u 

It is evident that the air-drying iback enamel is more elastic 
than the undercoating bituminouq. ymint, and contains a larger 
percentage of oil, and consequently is slower drying. 

An American sjiecificatior, ’ for an asphalt vamieh is more detailed 
and stringent : , *‘- 

The varnish shall be composed of % high grade of asphalt 
fluked an^ blejided with pro^rly treated drying oils and thmned 
to the proper consistency with a Vplatile Bo{vent. It must be 
cesistant to air, light, lubricating oil, water, and, mineral acids d 
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the concentration hereinafter specified, and must meet the following 
requirements : 

Appearance. —Smooth, and homogeneous ; no • livering or 
stringiness. 

Colour. —Jot black. 

Flash Poird (closed-cup).— Not Isilow 30° C. (86° F.). 

Action with Linseed Oil. —Varnish must mix freely to a homo¬ 
geneous mixture with an equal volume of raw lin.seed oil. 

Insoluble in Carbon Bisulphide. —Not more than 1 jkw cent. 

Nonvolatile Matter.— Not less than 40 per cent by weight. 

Faity Matter. Not has than 20 ])er cent of the non-volatile. 
Must Ije, liquid and not show any rosin by tin; licbennann-Storch 
test. 

Set to Within tiA(' hours. 

Dry Hard and Tough. —Within twenty-four horns. 

Toughness. —Film on metal must withstand rapid bending over 
a rod 3 mm. (^-in.) in diameter. 

Working Properties. —Varnish must have good brushing, flowing, 
covering, and levelling })r'operties. ‘ * 

Resistance to Water. —Dried film must withstand cold water 
for eighteen hours. 

Resistance, to Oil. —Dried film must withstand lubricating oil 
for six hours. 

Resistance to Mineral Acids. —Dried film must withstand action 
of the following acids for six hours : Sulphuric acid, s.g. 1 -3 (about 
40 per cent) ; nitric acid, s.g. 1 -22 (about 3.5 jaw cent) ; hydro¬ 
chloric acid, s.g. l-OO (about 18 per cent). 

For the details as to carrying o\it these tests reference must 
be made to the s|K‘cifieation quoted. 

It is evident that the percentage of thiimers must not be 
greater than 60 pcir cent by weight and the percentage of oil not 
leas than 20 per cent of the non-volatile matter. 

It would appear that the s}K'cification corresponds with that 
of an air-drydng black (mamel. • 

Black Stoving Enamels.—Black stoving enamels are of great 
variety, and a similar classification holds, as in the ease of resin- 
oil varnishes, as to (dastieity, body or viscosity, and temperature 
of stoving. One - coating, widercoating and unishing, brushing, 
dipping, and spraying modifications are in use. The marked 
difference between clear varnishes and black stoving enamels lies 
in the presence of bitumen,*which may be considered as a neutral 
resin, and of carbon black, the effect of which is to retard the drying 
and to modify thfe viscosity of the mixing. The remaining com¬ 
ponents will be dr 3 dng oils with their attendant driers and thinners, 
chiefly kerosene, since the temperature of stoving is higher than that 
of resin-oil varnishes, .viz. 1,50°-177° 0. Some black stoving 
enamels contain no resin or rosin, bufj.generally a certain proportion 
is present, aithough.it is diffioqlt to identify the resins in the presence 
of a mixture of bitumens, especially if stearinc pitches have been used. 
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In selecting the thinners it must bo remembered that the less 
volatile part must be a satisfactory solvent for the bitumen oil 
residue at thc terajx'rature of stoving. Small amoimts of turpentine 
or coal-tar spirit are often added to ensure complete solution of 
all the com])onents. Flow and surface are important pro])erties. 
The finishing coat must have a high lustre and hardness and should 
show no runs or livelling at the edges under the conditions of 
applieatir>n, dipping, brushing, or s|)raying. The production of 
high-quality coatings demands careful seleetion of the comjionents 
and of their proportions in the mixing. If an undercoating is 
used, it must k' adherwit. to the surface and be a I'ust ])reventative, 
providing also a griii for the finishing coal. It \Vill possess small 
elasticity and great hardness, good hiding power, Init no lustre. 
The undercoatiug may contain a pigimuit such as carbon black in¬ 
stead of bitumen, and its function is to leave a dull uniform flattened 
surface which will Hx the finishing coat. Occasionally the metal may 
be treat’d with an anti-rust preparation or subjected to an anti-rust 
process (Coslet process) previous to the, application of the stov'ing 
enamel. The metal surface must be ])roi)erly cleaned Ixlore appli¬ 
cation of the undercoat, and if alkaline salts are used these must 
be thorouglily washed out ; if a trace is left on the metal the 
subse(]upnt saponifying action on the varnish coat destroy.s the 
adherence, and the film or films are .so seriously weakened that 
they arc easily detached. The general defects will bt! those of oil 
varnishes, which will be discussed in a later chapter. 

The composition and niod<^ of preparation are based on the 
incor|K)ration of sweated asjdialtum and rosin or a resin with 
linseed oil (thickened or polymerised) with a thinner, e.(j. 100 lb. 
asphaltum, 25 lb. resin incorporated with 500 lb. boikxl linseed 
oil, or 100 lb. copal run with 50 lb. boiled linseed oil with a solution 
of 6 lb. of india-rubber in 200 lb. turpentine or petroleum, to wliich 
arc added 100 lb. asphaltum, incorporated separately with 150-200 lb. 
boiled linseed oil, and thinned with 400-500 lb. turpentine. The 
mixture is stated to give an elastic black japan. Again, a mixing 
suitable for cycles or sewing-machines is said to be obtained by 
heating together 25 Ib. raw linseed oil with 3 lb. Prussian blue 
(for hardening purposes) and IJ lb. litharge, until the mass is a 
thick syrup. It is then ineorporatexl with 5 lb. of a resin and 18 lb. 
asphaltum, and Uhe whole thinned with turpentine. Another 
published formula is as follows : 50 lb. hard copal incorporated 
with 41 lb. boiled linseed oil (lead' acetate and whi^ copperas 
driers), mixed with 200 lb. fused Anlerican a.sphaltum, and the 
whole boiled until the mass shreds, The mass is thinned to the 
required consistency. • 

It is evident from the abrf re formul® that the principles involved 
do not differ from those described under resin - oil varnishes, 
except in the" length of time of heating to produce the desired 
viscosity. Thq proportions pf the components will depend on 
the requirements and on tho temperatqre of stoving. N. C. Jensen * 
«laims to furnish hletals with^a protective adherent film by the 
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application of oil at a high tompcraturo, the film acting as a protec¬ 
tion against rust and also as an insulator. The use of petroleum 
or non-aqueous thinners has been challenged, an(I the British 
Thomson Houston Co.“ claim that a black japan can be made with 
water thinners by incorporating 5 galls, japan base (asphaltic 
material and a drying oil) with 10 galls, water containing i gall, 
ammonia (s.g. 0 0) and 10-20 per cent by volume of a 20 j)cr cent 
solution of glue. This departure on tla; lines of a water paint 
is worthy of careful consideiation. Anothm- projjosal i.s to prtipare 
an emulsion of an asjihalt oil basi! in waU'r and to deposit this 
base on the metal by means of an eleetrifqiotential-diffei'ence main¬ 
tained in the bath containing the emulsion ; the object to be coated 
is made the anode. Th<i metal must btr pre heated, in the ca.se of 
large arti(^les, before being dipjad into the tank. Since the. japan 
is dei)Osited free from solvimt, there is no ie.sultant drip wh<'n th(' 
work is conveyed to the baking ovens.'" 

The a)){ilication of striving black enamel has already been dis¬ 
cussed under varnishes. The re.sisting power of the stoving enamels 
will dcqiend essentially ■ on the stability, of •the^binding material, 
and, if on an oil basis, on the nature and proportion of the oil. 
Generally, stoving black enamels are more resistant at the ordinary 
tcm]>crature to the action of alkalies than resin oil vainishes. The 
sluice gates on the river Nile are examjilcs of a structure which is 
subject to attack by alkaline salts present in the river water at 
certain times of the year. Bitumen sufiieient to protect the oils 
and resins used on the sluice gates forms the base of the coatings, 
and the colour can 1 k‘ modified by the use of strong staining 
pigments. 

Black Leather Varnishes.—\’arnishes on an oil basis have been 
largely used for })atcnt khl leather, although they have Ireen partially 
replaced by nitrocellulose mixings. The prepared leather is first 
coated with “ daub,” which is of the nature of a preparing coat 
for covering the grain surface of the leather with an imjrermeable 
finish through which the finishing coats will not [X-rmeate. A 
special load-drying oil containing (per gallon of oil) 0-3 lb. litharge, 
0-1 lb. mangaiM'se borate, O-fi oz. burnt umber, and OT lb. Prussian 
blue is ])icpared. It is es.sential that the ingredients should be 
in as fine a state of subdivision as possible befoi’e addition to the 
oil. The mixture is boiled qt 50d° F. and kept, at that temjK'rature 
for six to eight hours until a thin jelly is obtained, allowed to cool, 
and the lomperaturi^ raised Jio 500°-5.')0° F. for a further period 
of four to si.v hours. Tile film must dry in tweflty-four hours ; 
if it does not, the boiling must be coutinWd for five tq six hours 
at 500° P. Tim tcmptiraturS is allowed to fall slowly to 100° P., 
and the jelly ^s then thinned witlv petroleum spirit in the pro¬ 
portions of 3 galls, to 10 galls, of oil, so a# to produce a thick viscous 
mixing. The mixtm'e is applied slightly wafm with a wooden 
slicker in a japanning* stove at 96°-100° P. and carefully spread 
over the grain surface of the leatHfcr, the excess being scraped ofi. 
After the applioaiion of tlfe first coating, the skins are placed in 
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the japanning stove until the coating is quite dry, when they are 
removed and exposed to sunlight and air for twenty-four hours. 
Some manufacturers use a mixture of .soluble nitro-ootton, dissolved 
in amyl acetate, for the “ daub,” instead of th(^ linseed oil coating. 
The strength of the soluble cotton mixture is about 3 per cent. It 
must not be too thin, otherwise it will penetrate into the leather and 
make it too hard. It is best applied with a varnish brush, the 
leather being given a good coating and then dried preparatory to 
applying the black varnish. 

The fii'st varnish i.s made on the line.s of the ‘‘ daub ” and may 
consist of 10 galls. lins(!ed oil, 5 lb. Pi'us.sian blue, and 3-4 lb. 
vegetable black. The oil i.s boiled twelve hours at a temperature 
of 600" F. and the vegetable black mu.st not Ik- added until the 
com))letion of the oil boiling proce.ss ; moreover, the oil should 
not be boiled for more than one hour after making the addition 
of the vegetable black. After the application of the “ daub ” the 
surface is pumiced and all dust is brushed off. The first coat is 
applied with a brush. After ai)plication of the first coat of varnish, 
the leather is returned to the japanning stove and dried ready for 
the finishing coat. For the finishing coat 10 galls, linseed oil, 2 lb. 
Chinese blue, and 2 lb. manganese borate are boiled at OSO^-CSO" F. 
for twelve hours.: The finishing varnish is apjfiicd after pumicing 
the skins, and in as thin and level a film as possible. After the 
application of the finishing coat, th(' leather is returned to the 
japanning steve and stoved for at least twenty-four hours until 
quite dry. It is advisable to expose the finished leather for at 
least two days to air and .sunshine so as to make the enamel more 
elastic .'1' 

In France the requirements for patent leather varnishes are 
elasticity, a certain amount of resistance after drying, and al>sence 
of stickiness. The film produced must not crack on exposure to 
the cold or by long n.sago. The linsetal oil used must be “ tanked ” 
oil and free from mucilage. The following formula; are given for 
varnishes for high-class shoes ; (1) 100 litres of linseed oil are 
slowly heated to 200° C., when 1(K) grams litharge are. introduced, 
and the tcmjK'rature maintained for twenty-four hours. One 
hundred grams Prussian blue, 6.60 grams mangane.se borate, 
2.50 grams manganese, carbonate, and .50 giams talc are added with 
constant stirring ,an.'l the temiwrature raised to 2.50° 0. Continued 
stirring is essential, and heating is maintained the following day, 
when frequent tests are made by “ spotting ’’ the varnish on a cold 
glass plate.' AThen a test shows that ifi. has‘thickened sOfBoiently, 
it is hea^d for a furthCr quarter of an hour and allowed to cool. 
Fifty to' sixty kilos, of turpentine pfeviously warjned to 50°-60° C. 
are added.,, The varnish is sfjfired out of contact with air. (2) For 
use, 6 kilos, of the varnish are worked up with 2w grams lamp¬ 
black and the necessary quantity of turpentine added to give a 
workable consistency^ This corresponds to the English “ daub.” 

Another vainish is made' by heating 100 kilos, linseed oil 
at 220° Cs with 300 .grams litharge for one or two days, and the 
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following substances arc added in the order named : 2 kilos, lead 
acetate, 1 kilo, manganese borah', J kilo, manganese oleato, and 
4 kilos, lampblack.. The temperature is then raised to 250°-260° C., 
and heating continued until the mass has a tarry consistency and 
sets'when a little is dropped on a glass plate. When required for 
use, 50 kilos, are diluted with 80 kilos, of tur])entine, and 2^ kilos, 
of lam])blaek added. This is passed through a mixer several 
times .and finally strained. (3) An oil for surface va.rnishing is 
made by heating 45-3 kilos. Iinse<‘d oil with 100 grams of litharge for 
two days at 200“(!., adding 1-30 kilos. Pru,s.sian blue, 0-45 kilos. 
Syrian asphalt, 0-45 kilos, of manganese carbonate, .and 50 grams 
verdigris. The tein|x*ralure is raised at first to 280° (!. and finally 
to 30()'’ When, by the iisu.al tesf, on gla-ss, it is found that the 
heating is siiflieient, the mass is <'ooled to 80°-100° ft and 100 litres 
of tur|xaitine are added. 

For varnishes for furniture leather, the first and second coats 
are prepared on the same basis. For colouring, such pigments 
as ochres, siennas, and Prus.sian blue are used, also aniline colour- 
lakes precipitated on kaolin or .similar ba,ses.. 

It w'ill be seen that the French forraubc do not differ in ymnciple 
from the Knglisfi. The method is to jiroduee a polymerised lead- 
drying oil w'bieh is hardened by the, iron of the Prussian blue. 
Chinese him; causes less wasU' than Prussian and is more easily 
ineoi’iKj rated.'*". 

Varnishes containing Wood Oil.— In view of the f\inetionsof the 
oil constituent in varnish, it is not surprising that attention has been 
directed to the substitution of lins(!ed oil by China woorl oil. The 
greater facility with w hioh a high degrtte of viscosity e.an 1 h' obtained 
by heat treatment and the greater concentration of glyceride having 
an affinity for oxygen are jnojx'rties w'hieh indicate the suitability 
of China w(X)(l oil a,s a constituent of varnish. Whilst a film of 
polymerised linseed oil never attfiins a degree of hardness .suitable 
as a protective layer to with-stand a reasonable degree of abrasion 
and requires the presence of hard gum resin, the oxid,ation product 
of polymerised (hina wo(kI oil yields a film which eompares favour¬ 
ably with that of copal linseed oil varnishes ; moreover, it possi'ssea 
a lower degree of susceptibility to cracking at low temperatures. 
The great diffii‘ulty of cxmtrolling the thicikening of the oil * militate* 
considerably again.st its use as *he sole constituent of a varnish; 
in addition, the film acquires a matt surface on drying which is 
undesirable. Incor]X)ration»with gum resins is a matter of extreme 
diflSculty' ow ing to *the iiigt tem|x>ratures to which the oil is 
subjected, coagulation usually resulting.* In view, however, of 
the remarks abqyti as to the iitrinsio hfirdness of the oxidised China 

• • 

• Wood oil acids prepared from China w.yod oil may l)e heated above 
280° C. without coagulation. If wood oil acids be uoed the hardest copals, 
e.g. Zanzibar and Angola, can be dissolved in a powdered unrun ” condition at 
a tomperaturo above 280° C. to give a clear liquid which can be mixed with 
linscea or other drying oils and tliinncfl with turpentini, etc., to give good 
air-drying coatings.* 
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wood oil, the necessity for the introduction of a hard resin is nol 
so lu-gent, and in order to increase the hardness of the oil film am 
to reduce tl)e tendency of coagulation of the oil during heal 
treatment, advantage may be taken of the lower temjx'iatui'e ol 
incorporation required for a soft I'esin. Keferenee has lx‘en mad( 
in an earlier chapter to jirocesses for the thickening of (Iliina wood 
oil without gelatinisation. The mo.st successful is the addition ol 
common rosin to tung oil, which allows of tin' desired degree of poly 
merisation being' ol)tained without danger of coagulation. 

Several advantages are gained by sueh admixture ; the undut 
rapidity of “ setting." as distinct from fhe atf ainment of the maxi 
mum increase in weight, is diminished, and the liability whicth i 
varnish made from timg oil .shows to form wrinkles or “ webbing ’ 
during drying is ov(weome. Many variations in product ai c' ])ossibk 
by employing different ]iroportions of ro.sin and oil, and differeneei 
of behaviour dining drying may lie obtained by varying the naturi 
and proportion of drier, et(\ It is a significant fact that, in spiti 
of the jprejudice which the consumer has had hitherto, in regan 
to varnishes containing rosin as their sole gum constituent, varnishej 
of tliis class were found by actual trial over long j)eriods to lx; thi 
only ones satisfactory for the protection of “ doped " fabrics or 
aircraft. Varnishes on a basis of tung oil and rosin are now ir 
comparatively large demand, esjK'cially where, the varnish filn 
comes in contact with water, because the emul.sion referred to ir 
Ihe'priwious chapter is not manife.sted unle.ss the ainoiinf, of metallic 
base in the mixing is excessive. 

A method of priqiaring such wood oil varnishes consists it 
leating rosin or a suitable acid resin and tung oil together, with the 
widition of lime and driers. Addition of linseed oil or linseed oi 
icids allows of longicr heating on the fire; 10 parts of linsi-ed oi 
with 2 parts of wood oil heated at 280°-290° C. for live to six houn 
pves a heavy-bodied oil suitable as a light-coloured vehiek; foi 
white enamels (interior or exterior). Addition of lime causei 
whitening when the varnish film is imimu'sed in water. To over 
;ome this “ chalking,” the ro.sin may be hardened by esterifieatioi 
with glycerine and by blowing air through the melted ester (v.d 
jster gums). The webbing or frosting effect is evidenf- in all tun{ 
lil varnishes, even if thicy contain as mUbh as 20-30 per eimt o: 
inseed oil. This (hfect is the result ,of insufficient heating of th< 
nixture on the fire, i.e. inadequate polymerisation previous to th< 
uldition of thinners. , ' ^ 

Another mtethod of transforming Clina wood oil into a non 
^elatisiftg^ modification fs to allow the oil to flow in a fine strean 
through a slightly inclined tuk-, wftich is kept nt the necessar) 
»mperatm'e by means of an #,ir or metal bath. T}ie colour of thii 
ihanged oil is equal to that of the original; it dries hard am 
ustrous, and conteis no resins. The oil can be thinned witl 
nitpentine, white spirit, etc. With linseed oil and with stand oi 
t fnjpnishes hard and glossy vafnishes.*^ 

It must.be pointed out'that wood bil under’certain condition 
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can be heated up to 320° 0. and kept at that temperature for over 
an hour without gelatinisation. (treat thickening occurs, but 
without loss of sSlubility in ordinary solvents ; The acidity of 
the oil increases from between 5 and (i to 10-21 and the iodine 
value falls from 165 to 94-103. The disadvantage of this modi¬ 
fication of wood oil is that it doe.s not yield a hanl dry film, and 
the tack caused by the presence of some unknown substance 
restricts its use. It does not “web” as in the ease of partially 
cooked wood oil. 

Al. Toeh, in n, f)aia'r road before the American Chemical Engineers 
at Savanah, states that up to 1014 there was hardly a paint or varnish 
sjH'cification which did not prohibit the use of rosin, beeausi' of 
its various undesirable eharaeteristies, rendering it unlit for high- 
elass paints and varnishes. The aihent of China wood oil ha.s 
miw made rosin a legitimate material in paint and varnish manu¬ 
facture, and has removed the objection to it on the grounds of 
frial)ilitv, high acidity, tendency to become soft and sticky in damp 
weather, to change colour, and to form resinates. When heated 
in correct proportion with ro.sin whi<'h has b^en jrartially or wholly 
converted into resinates of lead or similar com))ounds, ('hina wood 
oil can be heated to 31.5° E. without danger of solidification, and a 
varnish is (d)tained which, although of a fairly high acid value, 
]H)ssc‘sses more rernarkabk' (pialities than the beat kauri linsee<l oil 
varnish evei' tnade. The gloss and hardne.ss of wood oil rosin 
])aints, eoin))aivd with linseed oil paints after a three years' exposun^ 
on tile Atlantic coast, were e!]Hally good and the tung oil ])aiut 
gives a Ixdter surface for re-])ainting. The demand for rosin in 
tung oil varnishes has raised its jirice from two eenis a lb. to ten 
cents a lb.; jxissibly it may in the future liecome dearer than 
copal resins.’'* 

Sabin ’* states that wmod oil varnishes are less durable than 
oleo-roainous varnishes of the older tyjie; theii' hardnes.s, brillianoy, 
and remarkable quick-drying qualities ensure their general use, 
but where extreme duraliility is required or where the finished 
surface is to be re-varnished when it becomes dull, their use may 
not prove to lie economical or satisfactory.* The general opinion 
on the matter of the durability of wooil oil varnishes is in favoiq; 
of Toch’s oxjK'riencc, provided that proixir precautions are taken in 
the manufacture. • • 

The disadvantages attendant on the acidity of rosin with regard 
to the use of these 4 'arnislfes as " mixing ” varnishes, t.e. those 
intended for use with basi# pigments, are overcome ^>y substitution 
of the acid rosin by “ hardijped rosin ” (alkaline earth, resinates) 
or “ ester guin«k’ (glycerine rosin ester). A typical formula for 
a rosin wood oil varnish with a highwosin content is : rosin, 28-5; 
linseed oil, 17-0; China wood oil, ll-6:*lead linoleate, 1-0; man¬ 
ganese resinate, 2'5 ; a|id turpentine, 43 per cent, 

• It roust f>e pointed out that although a rosin-wooij-oil film retains its 
lustre on exposure ihe siirfaeei allows a network of lino cracks, whereas a 
rosin-linseed-oil film will have become upugh and uniformly dull. 
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The production of rosin esters and their incorporation with 
wood oil has already been referred to under Ester Gums. 

There are several drawbacks in the use of these varnishes for 
inside work, because they are apt to bloom unless special pre¬ 
cautions are taken in their manufacture. The rapid setting as'well 
as the polymerisation of the wood oil are conducive to bloom. If 
the resin content is high, they are liable to crack on exposure to 
the weather, but they retain their lustre well. Some rosin wood 
oil varnishes “ chalk ” in wat(>r, indicating that the latter has 
penetrated and become emulsified in the film; this fault, in itself, 
is not very serious. The etnulsification is accelerated by the 
presence of the lime, u.scd to harden the rosin, atid of linseed oil. 

The proportion of ro,sin to wood oil must be carefully chosen, 
since it has b(*n shown that excess of wood oil or of rosin are both 
undesirable. A wood oil floor varnish may be obtained by heating 
a mixture of 10 kilos, rosin and 5 kilos, wood oil to 310" 0. The 
mixing can be worked up with any pigment, even lead or zinc 
whites, without thickening. Andes (toe. cU.) gives the following 
formula for a wood«oil-floor varnish; 100 kilos; rosin, 4 kilos, 
litharge, 1 kilo, hydrated oxide of manganese, and 1 kilo, zinc 
whit<! are heated at 260° C. until th(; metallic oxides are. dissolved. 
Fifty kilos, of wood oil arc added and the mixture heated to 305° C. 
It is tlurn removed from the fire and cooled to 2.50° C. and 30 kilos, 
of wood oil are added. The temperature is raised to 280° 0. and 
maintained for one hour. After allowing it to cool to 240° (I., 
it may l)e diluted with turjieiitine or a suitable thinner. Zinc 
white is said to be superior to lime for the hardening of the rosin. 

Paracumarone Oil Varnishes. — Rtderence has been made in 
the chapter on resins to the properties of the polymerides of para- 
cumarone and para-indene. The technical resins are neutral 
bodies, insoluble in alkalies, unattacked by acids, ammonia, and 
soaps, and insoluble in alcohol. Paracumarone resin when properly 
prepared is a brittle, amorphous, rosin-like material. The poorer 
grades are black, but those use<l in varnishes vary in colour from 
reddish brown (grade E. rosin to W.W. rosin), and are transparent. 
The grades melting above 125° G. are used, because the more 
fusible varieties give tacky films. King, Bayard, and Rhodes 
describe the manufacture and jtrojsjrtiefi of oil varnishes made 
on a paracumaroner basis. , 

China wood oil containing 15 per cent of linseed oil is incor¬ 
porated with the resin in the proportions of, 5-40 galls, per 100 lb. 
resin. The drters used are cobalt or mlnganese linoleates (1-5 lb. 
cobalt lin/)leato per 100 lb. of oil). The tliinner is a heavy refined 
coal-tar naphtha, distilling above 160‘‘IJ. The resintand oil are heated 
together to 290°-300° 0. at the rate of 2-5° C. per ipinute (the tem¬ 
perature of inoorporation<iia higher with increasing hardness of the 
resin). The mixture is allowed to cool, the thinner added, and sub¬ 
sequently the drier solution is added below 100° C. Tlie drier solution 
M prepared by heating 100 parte of cobalt linoleate with 84-2 parts 
of linseed oil for two‘hours ht 200° C., 42-1 part4 tung oil are ^ded 



TYPES OP OIL VARNISHES 


251 


and the heating continued at 200° C. for one hour. After cooling 
to 160° C. the mixture is poured into 600 parts of the coal-tar 
naphtha thinner. 'The vainishcs arc clear and paler than ordinary 
oil varnishes ; they act in three hours and dry hard in twenty hours, 
givJhg film.s which arc smooth and brilliant in lustre. The rubbing 
tests on wood panels arc quite satisfactory. The varnish films 
when tested for water-resistance by the U.S. Railroad Administration 
Si)coifl(!ations for Spar Varnish (1/5/18) showed no whitening. 
The weathering b^sts gave satisfactory results. Paracumarone 
varnisht's are stated by the authors to be superior to resin oil 
varnishes. The adv^intagcs of the presence of a neutral resin 
incorporafe'd with wood oil arc s(‘lf-ovident, but there was a dis¬ 
advantage in the thinuers being restricted to tho.se essentially on 
a coal-tar basis. 

More recent investigatioas have shown that linseed, soya, 
menhaden, perilla, cotton .seed, and a few other drying and semi- 
drjnng oils may be u.sed. Cumar gum is entirely soluble in all 
these oils. Various tyjaa of thinners, including tuqxmtine, wood 
spirits, and jx-troleuin, have Ijeen found* suitable. Alcohol is not 
satisfactory, as it is not a solvent for the resin. If lead be used 
as a drier, it must be in the form of a clear liquid drier to be added 
after the lieat treatment. 

Three types of varnish(« may bo quoted : 

iS’por or Lmuj-nil Varnish —i(KI lb. cumar ; 20 Ib. rosin ; 75 lb. 
linseed oil ; 150 lb. tung oil; 380 lb. thinner ; and 2| lb. cobalt 
liuoleate (solid). The tung oil and rosin are heated to 280° C. 
and drawn off the lire. When the mixture “ strings,” the linseed 
oil is added to chill, then the cumar is added and the mixture heated 
to about 510" P. for fifteen to thirty minutes, cooled, the drier 
added, and then thinned. 

■ Short-oil or Uuhhimj Varnish —100 lb. eumar ; 94 lb. tung oil; 
14 oz. cobalt linoleate (solid) ; and 205 lb. thinner. The tung oil 
is heated to 470° P. and 75 lb. cumar added with stirring while 
on the fire. The temperatur(! is run up to about 277" C.; the pot 
is withdrawn and held until a drop on eold glass sets in a hard 
button. The balance (25 lb.) of the resin is added with stiiring 
to cheek the heat. It is important to obtain the ju'oper bodj 
without “ stringing.” Tiu^ drier and thinner are added as in the 
previous ease. . • 

In view of its lower acidity eumar resin does not retard the 
gelation ol tung oil a^effectiWy as rosin. 

J. M. Kessler claim# to prepare a lacquer bj incorporating 
tung od with twice its weight of cumarone rosin (m.p. abqve 85° 0.) 
and dissolving w toluene, benzol, xylenes or a similar solvent. 

Cumar Vatnishes will mix readily with other oil varnishes, 
and as they contain no acid resin, they are useful in preventing 
“ livering ” with lead and zinc pigments, in paints, enamels, etc. 
The resin may be used as a binder for oil stains and in printing 
inks. The lower melting point grSdes (m.p. 50°-V()° C.) are used 
in cheap inks tg l)ody oils.'^ 
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Slushing Oils.—It is oftdii dosirablo to protoct tiMiiporarily 
bright iiiotal work cithor during storage, or transit. P. H. Walker 
and L. Steele’" state that the materials shall atlhere to the metal 
aurfae(!s at the ordinary tein])erature and shall remain ])ermanently 
in such a eondilion that they may be nmioved readily by eo’lton 
waste wetted with kerosene. (.)n polished sted brasses and eop])cr 
surfaces below Idt)" F. there shall be no stain or other evid(mec 
of corrosion within five days. A salt sjway test is s))eeiHed, and, 
when time pertnits. plates eoveied with the material should be 
ex|>osed in tile weather for not less than sixty days with no apiireei- 
able rust formation. A formula is ))ut forward comprising the 
use of rosin and wax with solid petroleum jelly: h ])arts (hndelilla 
wax, (> jiarts II. rosin, anil 50 parts petrolatum, C.S.P., or 2 parts 
('arnauba wax, 5 paits H. rosin, and 50 parts jietrolatum, U.S.P. 
A more fluid preparation may be obtained by the use of a liipnd 
kerosene. The so-called slushing oils are made on the basis of the 
above formula!. 

If timber has to Iw temporarily proteeti'd, the })arts, which 
are oventnally to be fjlued, should be ttrst, eoat^al with a thin glue 
size pre])ared from an apjiroved glue sine and of a eoneentration 
ap))roximatel.V half that normally employed foi- glueing. The 
part should be allowed to dry for not less than twenty-four 
hours, and then he completely' covered with one coat of shellac 
varnish, both sized and unsized portions being thus treated. When 
the ]>arts are to be assembled, the varnish layer should lie eom- 
])letely removed (by scrajiing) from those ])ortions which have 
been sized and are to form the faces of a glued joint. Afkw 
assembly the ])roteetive treatment, as detailed under the Pro¬ 
tection of Timber, should be emplo^'cd.’" 
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(!HA1*TKH XIV 

1‘KOI'HKTIHS AND DEDUCTS OE NAIINISIIES 

The Viscosity ol Varnishes. In tlic CDtisiiUTiitiDii of thi' flow of 
a vaniiKh, viscosity is of the highest importatioe. ('onsist<Tiey 
deteriDiniitions of vuniisiies aie invarialfly made to ensure a uniform 
product. \’i.scosity of a fluid i.s tile ])ro|K'rly to wliicli is due the 
internal resistance offered to its motion at any point with a velocity 
different from that at an immediately adjacent point. Diffei'ent 
fluids vary greatly in the rate and ease with which they flow. 
Although specilie gravity nmv have an important influence on th(! 
rate of flow, it is not the det-erirdning factor. The term " body ” 
is often u.sed to indicate hotfi i-esistanee to (low and tlu' quantity 
of solid matter. To obtain a dihnite exjiression for tile viscosity 
of a fluid, it is nei essary to consider a sti'eam in which the velocities 
of the liquid in adjacent, pai-allel planes are in parallel diri'Ctions 
and inci'case uuiforndy v>ith the distaruje ajiart of the plane.s. 
Under these circiinistanees any one plane in tlie fluid will exert 
a force ujam any other plane ; the magnitmhi of the foreo will 
depend U]H)n th<‘ area of the planes and \ii)on their distances apart, 
while its direction will Iw in the direction of flow of the stream in 
the case of the slower moving plane, and counter to the flow in 
the oa.so <if th(^ fa-ster: i.e. it will be tangential to either of the planes 
considered. K.\]iressing these statements in the form of an c()untion, 
if F be the tangential force or drag experumeed by on(> of the planes 
of area, V the difference between the veha ities of the two planes, 
and h be the distana^ biAween them, granting that V is proportional 
to L. then 

F V 

where j; is a " coefiieient,’^the value of which dejrends only on the 
particular liquij^ between th*' jflanes and on the systefii of units 
employed. The minus sign in the ^bove equation is to indicate 
that the force ol' drag is in a direction tergiing to make the velocities 
of the two planes equal. The numerical vahie of the cioefficiont 
is called the viscosity of the liquid. The " dimensions ” of t; are 
ML ' TThe coefficient of viscosity of a fluid|is the numerical 
value of the tangential foree on unit jwca of, cither of two parallel 

293 



254 VARNISHES AND THEIR COMPONENTS 

planes at unit distance apart, one of the planes moving with unit 
velocity in its own plane relatively to the other, the space between 
these jilanes being filled with the viscous substance. 

A distinction must be made between the values of viscosity 
expressed in absolute units as above and “ viscosity numbers 
used in industrial work, which are derived from a comparison ol 
times of outflow of the fluid under consideration with the corre¬ 
sponding time for some substance arbitrarily chosen as a standard, 
e.f/. water, rape oil, or glycerine ; such values are indcpimdent 
of any scale of units, and are not necessarily ratios of true viscosities. 
In some cases the actual time of outflow of a certain quantity ol 
liquid from a sjK’eified type of a])paratus is ,s}>ok(m of as the 
“ viscosity ” of the liquid, which nnist be regarded as unsatisfactory 
because^ of the difliculty of correlating results ex])r(W.sed in this 
way with tiu^ values obtained by other methods or even other 
a])paratus of a similar ty))e. It is true that the standard sample 
method of comparison is the most generally used, es])ecially in 
control of the uniformity of the j)roduct. Nevertheless it is ol 
advantage to select methods in which the viscosity values arc 
capable of brung expres.scd in the metric system of units (centimetre- 
gram-.sccond). The term “ prase ” has been seleetrid for the unit 
of viscosity on the metric sy.stem, i.c. dynes per sq. cm. jjer velocity 
gradient ])cr cm. of 1 cm. per second. The unit is named aftea 
Poiseuille, and the .suggestion, originally due to Derdcy and Parr, 
Has been adopted by the Bureau of Standards, U.S..A. Prrr liquids 
of low vtseositv thi^ unit “ centi))ois(!" (0-01 jroise) is convenient. 
The viscosity of water at 2(J° U. is nearly 1 centipoise, so that 
the viscosity number of a liquid ba.sed iiixm a comj)arison with 
water at 20° C. is equal to the true viscosity of the liquid in 
centipoises. 

Types of Viscometers.— The methods used for the determination 
or comparison of viscosity are many and varied. There are four 
types of viscometers in general use : (1) Air Bubble ; (2) Falling 
Sphere; (3) Torsion (rotating disc or cylinder); and (4) EfBux 
(capillary tube). 

(1) Air BMle Type. —Small tubes of approximately equal 
size and diameter are uscal. The tulie is filled with liquid to a 
inark, and a cork inserted so as to leave' a small intervening air 
space. A tube containing a sample qf the desired consistency is 
used as a standard. Wlien a test is made, the air space in the 
sample to be tested should bo of apyuoximately the same size as 
that in the stamiard. The tubes are quickly inverted and the time 
requirceffor the air bubbles to rise to the top or to a certain mark 
in the tube is noted. The test indicates roughly iyhether a given 
lot of material has the same viaeosity as that of the sejected staiidarS. 
It is sufficiently accurate for controlling the consistency of varnishes 
made in the factory. 

(2) The FaUing Sphere Type. —Viscosityis sometimes measured 
bjt dropping a sttwl ball in a voksel containing the fluid and timing 
the fall between two niarked‘points. The method' gives an accurate 
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measure of viscosity for very 
viscous liquids. The velocity of 
a sphere falling vertically in a 
fluid in relation to viscosity was 
invdfetigatod mathematically by 
Stokes, who derived the well- 
known equation 




2 


'I 


where V is the .vidoeity of the 
spla^re, r the radius and s the 
density of the sjjhere, o the 
density and i; the viseosity of 
the liquid. Stokes' equation 
applies only to a sphei'e falling 
through an infiiiitl’ <'xtent of 
liquid, but the velocity of a 
small ‘ sphere falling axially 
through a viscous licpud in a 
cylinder has Ix-en di.seiissed 
tnathematically by Ladenburg 
and Lord liaylcigh. Allen and 
Ladenburg made use of tlu^ 
principle for the determination 
of the viscosity of V'eniee tnr- 
tamtine under pressure. Shep¬ 
pard * has used the method of 
the falling sphere for the deter¬ 
mination of the absolute vis¬ 
cosity of viscous liquids, c.(j. 
solutions of nitrocellulose, but 
the correction formula for the 
effect of the walls of the vessel 
on the time of fall of the ball 
is not that obtained raathe 
matically by Ladenburg, Ray¬ 
leigh, and Allen. Gibson and 
Jacobs “ have applied the Cor¬ 
rection laid down by the three 
former in\ estigators,* anc^ find 
that, il spheres be used in tubes 
of the same ^mensions. Idle 
only variables are relative den¬ 
sity, viscosity o? the liquid, and 
time of fall. A simple equation. 


V _(»-«■ )T 



Fil. 32.—Balling sphero viscometer. 
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Tand Tj = tima of fall of the sphere through a length «, 
IT and ir, are the densities of the liquids, 
i; and i/i = the viseoaities of the two liquids, 


s obtained resembling tla^ ex]iression used for the efflux ])attji*rn 
jf a ea|)illarv viseoiiKiter. The method ean then 1 k‘ employed 
,o obtain the viscosity of a liquid when the time of fall for another 
iipiid of known viscosity is known. Kig. 32 shows the form of 
apparatus used in the method. For the experimental details 
•eferenee must be made to Gibson and Jacobs’ paper and to the 
IJritish standai'd methods for the determination of viscosity in 
ibsolute units (li. Eng. Stand. Assoc., 1923). /I'he method is 
niitable for liipiids the absolute viscosity of which is not less than 
Id poises. For li({uids of lower viscosity than 10 poises the method 
s not suitable, owing to tlu- smallness of the sphere napured. It 
s also unsuitable foi' deeply coloured liquids in whi< h the sjdiere 
-•annot lie, clearly observed. A Tiioditied form has b<-en suggested 
ay J. E. Kamsb('ittom ^ which is apjJieable for the determination 
)f the viscosity of opaque li(|uida and for liquids with viscosity 
n ])oisps as low as 0-33. I’he sphere used is a steel ball half stn inch 
n diameter, provided with a small hook to which is attached a 
ine thread ])assing over a special pulley of low friction and eon- 
leeted to a eoiinterjioise. 'I’he time of fall of the sphere is indi(tated 
jy the rise of the eounterjioise. The viscosity of such a substance 
IS- drawing-ink on the one hand and warm asphaltum on the other 
)an be readily (hdermined. The iiudhod is independent of density 
leterminations. With this ap[)aratu.s tlu^ viscosity of opaque 
iquids over a wide range; can be determined by simply altering 
lie weeight of the counterpoise. The formula used is 




P,-P 


R-IV 


vhere R and R, are the rates of fall with counterpoises P and Pj 
ind K is the; constant of the visceemeiter deteriTiine;d b,y using a 
itandard liquid. 'The following table shows the re'sults obtained 
jy the falling .sjihere method and by Ostwald’s capillary tube 
ncthod : 


(Jlyct'rinD al. 20*^ (J. 
Furnace oil . 
Aluminium dope . 
Tricresyl phonpliate 


I’iillliiK Si>h^>re. 

OMtwuM'H VlHfomcler. 

8 ■5 poises 

8*5 poisos 

Mlv „ 

<1-92 „ 

8*25 „ 

8-25 „ 

1*97< „ 

20 


o p 

(3) 9’ornion Type.—in instruments e)f this tyjie a teersiejnal 
sendulum' is useel to measure visceHis resistancji^ They consist 
‘ssentially of a cu]) containing the fluid the viscosity of which is 
,0 be measured, and a cylinder which is suspended in the fluid. 

some viscoineteis, as in the Doolittle, a cylinder is rotated in 
,he fluid and the viscosity is measured by noting the retarding 
iffgict of the fluid, In the MaeMichael apparatus the cup containing 
ihe fluid is rotated and the tiiscosity measured by noting the angular 
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distance through which a disc is carried by the fluid. The Doolittle 
viscometer determines the retardation of the rotation of the cylinder 
of standard size immersed in the varnish. 

Doolittle Viscometer * —^The greater the viscosity of the liquid, 
the*greater is its slowing action on the torsion pendulum of the 
instrument. The specific gravity has no influence on the result. 
The apparatus consists of a steel cylinder 2 in. high by IJ in. 
in diameter, suspended by a steel wire from a fixed point, the 
wire passing through and (irmly attached to a horizontal graduated 
disc. The cylinder is immersed in a vessel containing the varnish, 
and this vessel is surrounded by a jacket containing water or 
other liquid which can be heated to the necessary temperature. 
The wire is brought to the zero mark on the disc, so that there 
is no torsion in the wire. The disc is now fixed and the wire 
turned through a complete circle (360°) and fixed also. When 
the varnish is at the required temperature the disc is released and 
the angular oscillation is observed (1) to right, (2) to left, and 
(3) to right again. The disc is clampt'd and the wire twisted 
through 360° in the oi>poaite direction. .Th» disc is again released 
and three ohservations of the angular oscillation are taken: 
e.g. 360°—0°—340°—0°, 332° in the other direction, 0°—324°. The 
first swing is neglected and the readings are taken from 340" onwards. 
First complete swing : 340°—0°—332°: —672°. Second complete 
swing : 332°—0°—324° : —656° ; retardation 16°. 

The instrument is well adapted for plant control work, especially 
in the case of bituminous varnishes. The greatest difficulty is in 
the interpretation of results obtained by it. It is impossible to 
standardise the dimensions, and an instrumental unit cannot be 
derived. The greatest source of error, and one which makes 
strictly comparative readings impossible, arises from the constantly 
varying rate of shear to which the liquid is subjected. There is 
apparently no way of calculating absolute riscosity from the 
readings. Since the ob.scrvations arc not proportional to viscosity, 
the use of the instrument for accurate re.search work is doubtful. 
It is of value as a control instrument, especially where it is desired 
to bring a fluid to a standard viscosity. The instrument may. be 
standardised against a solution of cane sugar in water. ^ 

MacMichad Torsion Viscometer. — In instruments of the 
MacMichael and Couette tyjjss the hquid is rotated by an electric 
motor and the viscosity transmits a pull on a cylinder which twists 
a wire. In the MacMichael, instrument a cup, containing the 
liquid to be tested an3 in ^hich is suspended a torsiftnal pendulum, 
is rotated by an electric motor. The jienflulum consists o? a disc 
60 mm. in dianjajier and 6 mift. thick suspended by means of a fine 
torsion wire. Kfferent-sizod wires c(|n be used for varying degrees 
of viscosity.f The speed is controlled sand varied by means of 
variable pressure on a disc operated by the’motor. For high 
viscosities heavier wire!? or slower speeds, or both, must be used. 

• Cf. Figs. 33,34, pp. 74,76, vpl. ii. Fryer la^d Weston, Oii», Fats, and Waxes. 

t The torsion wire is firmly taed in p tube, near the uprar end of which is 

a AfkA Antial T\Art.a krtAWn <U1 dlftOTeftR. 
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The instrument is applicable over a wide range of viscosity. The 
readings of the instniment vary directly with the rate of shear. 
It is especially adapted to varnish control work, where it is frequently 
desirable to make determinations on unfiltered samples. The actual 
readings of the instrnitu'nt have little sigiiilicanco and the dimensions 
cannot be standardised. The instrument does not give absolute 
viscosities directly, and, since the standardising of dimensions is im¬ 
practicable, a unit based on in.strumental readings is not possible. The 
results must be expressed through the medium of some standard 
testing fluid, of w'hich either the absolute viscosity is known, or 
which at least always shows the same viscosity imder like conditions.'* 

Mfflux (Capillary Tube) Methods .—(Capillary tube viscometers are 
of two forms : (a) U-tube viscometers, {b) tio-axial bulb viscometers. 

The method of determination dejamds on the equation of 
Poiseuille: rPlt* 


where q = volume of liquid flowing in unit time, P = fall in pressure of 
the liquid over a length h in the capillary tube of internal radius R, 
») = viscosity of the liquid. No turbulent flow of the liquid is 

,, , ... Absolut* Viscositv in poises 

allowed. The Kinematic Viscosity-—p- . .-■- - 

‘ Dinsity m gms. per e.e. 

The capillary should lie so selected that the time of flow in any 
determination is not less than KM) seconds. It is convenient that 
the length of the cajiillary, the V-tube viscometer, be about 10 cms., 
in which case its maximum diameter, whii^h will depend upon the 
kinematic viscosity of the liquid under okservation, should be selected 
from the data given in the following table: 


■w- Khicinatic- Maximum 

ImO. visfoalty. Dlamftpr. 


M,, Kiiu'miitiu Mnxiinniii 

VlKcitsity. ])ianu'tiT. 


1. 0 009-0 072 0 OM mm. 

2. 0 054-0‘43 1-33 „ 


3. 0-32-2-50 2*79 mm. 

4. 119.li5 3 r)-3 


Fig. 33 shows the form of the two varieties of viscometer. The 
time of flow of the liquid between two marks on the instrument 
compared with the time of flow of a standard liquid in a tube of 
the same dimensions, together with the density of the two liquids 
gt the temperature of outflow, will give a value in terms of a standard. 
If i and tj be the times of flow of the varnish and glycerine respect¬ 
ively at 20° 0., and d and rfj be their specific gravities at 20° C., 
then the viscosity of the varnish is given by 

mttl. 

" tA 

(glycerine = 100 is a convenient practical standard))^ 

In the co-axial bulb viscoeneter the range is #)m 0 009 to 15 
poises, with internal diameter of capillary from 0-064-0-4 cm. 
Fdr details as to use see Standard British methods for determina- 
tibn of absolute viscosity (Zoc. cit.).* 

.These forms bf instrument are most frequently used for clear 
vainishes. 

. ♦ Distilled water, 40 or 60 per cent cane-sugar solution, and castor oil arfi 
Moommepded as standard liquids for calibration. 
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For opaque liquids the Lidstone Viscometer may be used. It 
consists of a capillary tube througii which the sample is drawn 
by a flow of mercury, the 
rate of flow being determined 
by* timing the movement of 
the meniscus between the 
liquid and mercury instead 
of, as is usual, that between 

the liquid and air {J.tS.O.J., _ /h 

1918, 37, 1481). W y V I 

Other form.s of viscometers 

are tlio.se designed by Red- 22 iL J 

wood, Engler, Saybolt, (V)le- 

man and Arehbutt.'’ The first _ ^ y 

three are fully described in V _ 

many toxt-book.s on petrol- | X 

eum.whilstthe f'oleman-Areh- ' |!i 

butt differs from them in j_ ]| ^ ^ 

construction, being made of ^ 

glass. In j)ritieiple the four 

are the same. In the Cole- £c,a\ 

man-Arehbutt instrument \/f 

(Fig. 34) the varnish tiib<‘ 

(glass) ha.s graduations marked tL J 

on it for 19, 25, and 50 e.e.; o,is - ^ 

the tub(! consists of a gla.ss ^ 

pilK-tte, which is closed with 

a plug of .soft wood. The ^ ^ 

jacket, which is of gla.s.s, is 

filled by means of a funnel G iW 

and emptied by the tube 6. ILL JJ 

The tube and jet are carefully As, y^ 

closed, the jacket is filled with ff 

water at the required tem- 

jasrature (20" V. or 40° C.) 

and kept at that temja'rature 

for some time. The varnish 

at the desired temperatwre is 

poured into the efflux tulje 

(closed with a piug) to a jmint ;( 

a little aiiove the voluule^ |j ^ 

mark and stirred witfi a tj|er- 1 / 

mometer until it is exactly , 

at the require^temperature* TLll 

The number seconds re- 

quirod for the escaping oil to • 

reach the zero mark is ob- i'*"--Two tomisWOstwald’s viscometer. 


served with a stop wa^ch. For the determinations at a higher 
temperature to obtain a ratio nuiJber, e.g. viscosity at 20° or 40° 
C./viscosity w,t 100° C., th^ jacket may be heated by steam and 
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the observations conducted as above. The viscometer may be 
standardised, as in the Redwood instrument. 

Seaton, Probeck, and Sawyer ’ state that varnishes show two 
types of solution, viz. true and colloidal. They may under certain 
conditions show the Tyndall effect, i.e. a strong opalescence when 
a beam of light is passed through the varnish, although indi- 


et 

1 

100 

1 

1 ^ 


IT 

Ai 

-Mi 




KlO. 34.—Coleman and Archbutt Viscometer. 


vidual particles cannot be 
distinguished by ultra-micro¬ 
scopic methods. Theviscosity- 
temperature curves of var¬ 
nishes (determined by the 
Doolittle method) containing 
resin-oil (not polymerisc^d) are 
curves, whilst varnishes con¬ 
taining liighly polymerised oils 
give straight lines. Decrease 
in dispersion of the compon¬ 
ents of emulsoid colloids in¬ 
creases the viscosity, and 
addition of “ thinners ” lowers 
the viscosity by increasing the 
disjxTsion of the polymerised 
components. If Seaton’s view 
be correct, the viscosity-tem¬ 
perature curve before further 
addition of a solvent 
to a varnish contain¬ 
ing polymerised com ■ 
ponents would bo a 
straight line, whereas 
on addition of a sol- 
vent thinner a curved 
I line would result. 

I The results of unpub- 

' lished exjxTiments in 

the writer’s labora- 
■Uli^ tory go to confirm 
Heaton’s conclusions. 

, The relationship may 

be of importance in 


, ^ detecting the pres¬ 

ence of polym6rised oil. Further invesi’gatlon in thi? direction is 
advisable., In many varruahes viscosity changes occur within the first 
twenty-four hours of manufacture, but vhey become (j^nstant in about 
a month’s time, and unless a tonstant value be reacjhed withiii that 
period thevamish may beccine unsuitable. The changes during" age¬ 
ing” are marked in the heavy resin varnishes, becau.se the dijpereion 
of the resin is very sensitive to changes of condition, and especially 
tw changes of acidity. The importance of viscosity measurements 
in standardisation of' aeroplane dope and airofaft varnishes has 
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been recognised as a determining factor in the flow and freedom of 
working of these coatings. In view of the variety of composition 
of varnishes, the*volatility of the thinner as affecting the flow is 
of considerable practical importance, because two varnishes having 
the same viscosity may show differtmt freedom M working due to 
the inequality in volatility of the thinners, which would be indicated 
also in the valiuis of the 




viscosity temperature co¬ 
efficient. No published 
observations are available! 
showing the variations in 
the viscosity with the resin 
content, although it is 
admitted that the disjx'r- 
sion of the resin is a 
dominant factor in the 
viscosity. Systematic ob- 
servations on the relation¬ 
ship of resin-oil content 
to visco.sity are much de¬ 
sired. It must be pointed 
out that the viscosity 
concentration curve in 
aqueous emulsoids rises 
steeply in a curved line, 
whilst the corres]>onding 
graph in varnishes is a 
straight line. In varnishes 
with large resin content 
there is a marked exalta¬ 
tion of the viscosity. 

There is no doubt that 
chemical constitution will 
have a marked influence 
on the ^dscosity, as in the 
case of lubricating oils, 
where unsaturated link¬ 
ages raise the viscosity 
and conjugation of un- • 
saturated groupings is 
accompanied by dMSided * Kio. 35.—llliiElam and (}« n's Plastoracter. 
increase in viscosity. i , * , 

Plastomeler. —The viscosjty or rigidity may be detarmined by 
observing the ^lume of flow of a fluid through a capillary of known 
size in a definite time under a kno#n pressure. The rate of flow 
depends on the pressure and on the •diameter of the capillary. 
Where there is no tur^julent flow, a graph for pressure and volume 
of flow per second will be a straigl^ line passing through the origin. 
In the ease^ of a jilastic bqiiy there is a resistant to be overcome 
before flow en|ues ; this is expr^sed as the'yield value and is not 





OF VARNISHES 263 












264 


VARNISHES AND THEIR COMPONENTS 


value is unnecessary, as the tendency to run is checked by rapid 
evaporation and quick setting. If a varnish show any peld value 
it must indicate a change of the components to ^ive a network of 
coagulated material, which may have an effect similar to solid frictjion 
materials, such as paints and clay suspensions. Black bituminous 
enamels resemble paints, in that the thicker varieties show definite 
yield values, and the connection between mobility and yield value 
resembles that indicated by Bingham and Green. For comparison 
of stoving enamels it is necessary that the ]x;rcentage of volatile 
thinners be as nearly as possible the same. 



Presfture in grams per sq. cm. 

Fiq. 37.—lielationshtp of flow to pressure In Varnishes. 

A. B, and 0 represent tlie presBurp-voliime curves of thrc ‘0 oil varnishes (Gardner), I> and 
E|> black stoving enamels (Bawtree's apparatus). F, Fr^vrC'Volume grapli of a brushing 
cycle enamel (Bawtree’s plastonieter). 

f , 

Elasticity of Varnishes.—The elasticity of a varnish is a function 
of the oil content, increasing resin contehtratiop causing Jbrittleness. 
A method of ertmparison of the elasticity of long-oil and medium 
or short-8il varnishes has' been investigated by the writer. It con¬ 
sists in applying vaxnish to one side of a strip of smooth aluminium 
plate (3* X1" or 6' x 2" of 28 S.W.G.) in such quantity as to give 
a dry film between 0-4 and 1 oz. per square yard. The varnish 
must be brushed on to give an even coat. The plates are hung 
in a well-ventilated drying chamber and kept at room temperature 
for,4orty-eight hoHirs, the vainisfi drainings having been previously 
removed from the plates ditring the first hour of frying- ^ter 
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drying, the plates are exposed to a temperature of 100° 0. for two 
hours and, after cooling half an hour to allow them to attain room 
temperature, they'are bent through 180° over a quarter-inch rod. 
A dmable elastic varnish for outside wear ought to exhibit no 
craJks on the bend. This tost distinguishcis durable outside 
varnishes from inside varnishes fairly sharply. The ratio of resin 
to oil must not rise above 0-5, otherwise the film will show cracks 
on bending. 


WelK^it of film, oz. per 84, yd. 


!F’latting 

. 0*549 

Crocks. 


0*293 

Slight cracks. 


10 

Crocks. 

Cabinet 

. 01)6 


Inside oak . 

. 0*7 

No cracks. 

Elastic outside . 

. 0*9 


0-9 


Elastic waterproof . 

. 0*6 



H. Wolil apifiies varnish on metal or paper attached to a 
hinged plate which can' be moved through any hngle. The apparatus 
consists of two strips of wood, each having a right-angled edge 
fastened together by hinges. Strips of tinned iron, parchment, 
etc., coated with the material to be tested .are laid across the wooden 
strips and fastened down by drawing pins, the strips being slotted 
to permit relative movement with the wood plates when they are 
rotated about their hinges. Since an angle 90'' rejwesents the smallest 
angle to which a \ arnished strip can be bent on such an apparatus, 
its use is restricted to conqiaratively “short-oil” varnishes. 
For the examination of clastic varnishes a modified form of apparatus 
is used, in which the edges of the wood stri 2 )s adjacent to the hinges 
are at an acute angle and an obtuse angle re.sj)ectively, in order 
that such edges may meet when the two strips are laid in the same 
plane. Approximations to the angle of the strip about the edges 
of the board are obtained from readings on a protractor fastened 
to one of the strips and by simple formulae, the acute angle in the 
bevel in the second api)aratus described teing previously determined. 
For testing varnishes, strips are bent on their suiiport and readings 
taken at various points, e.g. local cracking, surface cracking, flaking.. 
In the case of very elastic varnishes, wmich allow bending to the 
fullest range of the ai)paratue without any faiftire, repeated bend¬ 
ings, after allowing a suitable interval for recovery, furnish numeri¬ 
cal data for the ctmnparisoi# of different products. Strips of 
a varui.-^h of unknown ccAnposition W'ere, prepared by brushing 
on one, three, and six coatjj respectively, the thinnii^ of the 
varnish in the %st two cases was adjusted to give a thickness of 
coating approximately equal to the first, and strips of the same 
varnish applied by dipping and spraying were compared. The 
results showed that the, highest elasticity was afforded by the six- 
coat strip and a spreyed-on coat, 'q^hich were ahtmst equal. The 
minimum prwortiqn of castqr oil to coiffer the maximum elasticity 
on a spirit vMnjph was found to b* 3-4*per cent. It is also stated 
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that the elasticity of spirit varnishes on addition of castor oil shows 
the greatest increase with between 0 and 1 per cent of oil. 

The Hardness of Varnishes. —The Craftsman'S method of testing 
the hardness of varnishes is that of a linger or nail test aijd is 
individually comjjarative. Forms of apparatus have l)eon suggested 
by Laurie and Bailey, and by .Jahns, and an; described in most 
text-books. Laurie's method is dependent on the thickness of 
the film and is only suitable for short-oil varnishes. The Clemens 
method is simple, consisting of a small balance with one arm longer 
than the other, like a We.st|)lial. TIk; long arm carries a ))oint 
on the under side and a pan on the toj). Weights are put on the 

'B —rt m ' 

I I 


-:Fleva-tioa:— 



pan and the dried'varnish coat on glass is put under the point in 
a holder and then drawn along. The weight required and the 
nature of th^ scratch produced ftre thenr conaideied criteria of 
the hardness. Britton'® has suggested a list of sixteen crystalline 
substances of different hardness on t|ie lines of Mohr’s scale. When 
the scratch produced by a crystal is ill-defined of^can be removed 
by rubbing, the film is harder than the crystal used. It must be 
assumed that the crystals jrossess uniform hardness. H. Wolff'® 
has devised an apparatus (Fig. 38) for fjesting the hardness of a 
^varnish, which consists of a, triangle, formed by three wooden 
strips,,the base of which is hinged tq a base-bpard. At the apex 
of the triangle is fitfed a l31unt,knife-edge directed towards the face 
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drying, the plates are exposed to a temperature of 100° 0. for two 
hours and, after cooling half an hour to allow them to attain room 
temperature, they'are bent through 180° over a quarter-inch rod. 
A dmable elastic varnish for outside wear ought to exhibit no 
craJks on the bend. This tost distinguishcis durable outside 
varnishes from inside varnishes fairly sharply. The ratio of resin 
to oil must not rise above 0-5, otherwise the film will show cracks 
on bending. 


WelK^it of film, oz. per 84, yd. 


!F’latting 

. 0*549 

Crocks. 


0*293 

Slight cracks. 


10 

Crocks. 

Cabinet 

. 01)6 


Inside oak . 

. 0*7 

No cracks. 

Elastic outside . 

. 0*9 


0-9 


Elastic waterproof . 

. 0*6 



H. Wolil apifiies varnish on metal or paper attached to a 
hinged plate which can' be moved through any hngle. The apparatus 
consists of two strips of wood, each having a right-angled edge 
fastened together by hinges. Strips of tinned iron, parchment, 
etc., coated with the material to be tested .are laid across the wooden 
strips and fastened down by drawing pins, the strips being slotted 
to permit relative movement with the wood plates when they are 
rotated about their hinges. Since an angle 90'' rejwesents the smallest 
angle to which a \ arnished strip can be bent on such an apparatus, 
its use is restricted to conqiaratively “short-oil” varnishes. 
For the examination of clastic varnishes a modified form of apparatus 
is used, in which the edges of the wood stri 2 )s adjacent to the hinges 
are at an acute angle and an obtuse angle re.sj)ectively, in order 
that such edges may meet when the two strips are laid in the same 
plane. Approximations to the angle of the strip about the edges 
of the board are obtained from readings on a protractor fastened 
to one of the strips and by simple formulae, the acute angle in the 
bevel in the second api)aratus described teing previously determined. 
For testing varnishes, strips are bent on their suiiport and readings 
taken at various points, e.g. local cracking, surface cracking, flaking.. 
In the case of very elastic varnishes, wmich allow bending to the 
fullest range of the ai)paratue without any faiftire, repeated bend¬ 
ings, after allowing a suitable interval for recovery, furnish numeri¬ 
cal data for the ctmnparisoi# of different products. Strips of 
a varui.-^h of unknown ccAnposition W'ere, prepared by brushing 
on one, three, and six coatjj respectively, the thinnii^ of the 
varnish in the %st two cases was adjusted to give a thickness of 
coating approximately equal to the first, and strips of the same 
varnish applied by dipping and spraying were compared. The 
results showed that the, highest elasticity was afforded by the six- 
coat strip and a spreyed-on coat, 'q^hich were ahtmst equal. The 
minimum prwortiqn of castqr oil to coiffer the maximum elasticity 
on a spirit vMnjph was found to b* 3-4*per cent. It is also stated 
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of the passage of the metallic ions tlirough varnish films could be 
detected, although they were carefully tested by moans of reagents 
inserted between the film and the glass or afuminium surfaces. 
A superficial bloom was observed when varnishes were immersed 
in solutions of salts, but it could be easily removed, leaving a clear 
film underneath, and indicates surface corrosion of the varnish. 
The milky appearance of an elastic varnish immersed in water is 
duo to an emulsion of water in the film, which can be increased 
or diminished by the presence of sp(*cial components of a varnish. 
Tliis emulsion disappears when the elastic film dries, owing to the 
evaporation of the water. The film regains almost its ‘original 



weight, but it must be ])ointed out that on re-immersion in water 
the velocity of absarption has increased; e.g. a film which has been 
dried after five days’ immersion in water shows on re-immersion 
in one day an absorption equal to that of thp first five days’ period 
of immersion.' It would appear as if the capillary passages in 
the remi>pcrraeable membrane had been permanently enlarged. 
Alternate exposure to air and immersion in water reifices the amount 
of absorption owing to the p/ocess of oxidation and polymerisation 
-of the componen|.8 of the film during the periods of exposure. 
No water-line effects were observed. The varnish films can be 
weighed rapidly with their qharges of a’bsorbed water’with an 
Accuracy of not less than T5 per cenjr of the \reight of the water 
taken hp. In the case of'shorj-eil varnishes or ^hetiac varnishes 



Area of slides—3" x 1" Average wt. of films—0.14—0.15 gms. 


properties' AND DEFECTS OF VARNISHES 269 

> 





270 


VARNISHES AND THEIR COJIpONENTS 


u. £ lO 

■2 A 

4) ^ 


"S fcT' 
ti <3 


«5 

!>• 'l) 

ti-:S 6§ 
(n| 


22 


CM 

CD 


'O 


(A 

I* 

oa 


C5 j3 


0) 2 

co ^^ i. 
Otis s 

<M ^ B 


s 

tuO 

lO 

6 

o 


rt P ^ 4) 

•S 5 5^-3 

•S, o '^■S 
• SP-O S 

<U 

& 

s ^ 

rt 

o Q : 

S « • 


u. 

.S Sh 


Ot 4> 

<M .ti 
»-< j2 
& 


4.5 

(bloom) 


; 

16.5 

(white) 


0.4 

(clear) 


12.8 

(white) 



16.0 

white) 

o 

0(5 


t 

m 

B 


o.S 
« >» 
l-s 

H.ts 


>« ^ 
S' CO 


bx> 

,<d 

1-4 

>* 

< 


• 5 ! 

■§ 

<Tj 

> 


a 

w 

O 

> 

o 


r> 


.£3 

.iS .C 

p -—V ^ 

. 3 S- S 

> i? S 


.BK 


I . J. 




■^i'd 
w 

C 4 


(Xj 


.c 

00 


I b4 *Q 

-s 

? e > 
' vs ^ 

0 5 ) O 

'S •s '5 


M 


:Sin 

“gg 

o 

•M «J 
C/) 



PROPERTIED AND DEFECTS OF VARNISHES 271 

• 

the turbidity of the film on immersion is permanent, due to the 
separation of the resin-oil components or to the presence of a resin 
emulsion in water.* 

Further conclusions drawn from the investigation may _ be 
suHTmarised as follows : 

(1) The influence of linoxyn and polymerisation oxidation 
products in the film on the water absoriflion is shown by lengthening 
the period of hardening previous to immersion, or by stoving the 
varnish or exposing it to bright sunlight or to the light from a 
mercury lamj). The water absorption power of the unsaturated 
glyceri(^5s is high, compared with the oxidised or polymerised 
modifications. • 

(2) The presence of polynicTised oil inhibits water absorption. 

(3) Excess of metallic driers and bases tends to increase water 
absorption, as well as the cloudiness of the film, especially if the 
metals are present in the form of metallic oil soaps and not in 
combination with the resin. 

(4) Resin concentration tends to inhibit water absorption, but 
after a time the resistance of the film brealjB down owing to the 
separation of the resin com])onents. 

(.5) Shellac and cellulose varnishes are inferior in water-resisting 
power to sjx'cial resin-oil varnishes. 

(fi) Highly [)olymeri.sed oil mixings containing neutral resin 
(!sters have an excivdingly low water-absorbing power, so that they 
are almo.st wat,erproof. Such varnishes contain China W'ood oil 
and rosin esters, .and are superior to most paint films in resistance 


to water. 

(7) Lead and manganese seem to act differently in their effect 
on water absorjffion. It was thought that lead exercised a poly meris¬ 
ing effect on a drying oil, but this cannot be confirmed by experiment, 
and it must be assumed that it influences either the direction of 
oxidation of the drying oil or the degree of gelation of the oxidised 


oil (linoxyn).'® 

(8) Varnishes with a low-water absorption show a tendency to 
“ bloom," es|K!cially if the sui)erficial drying of the film be strong. 

The writer attaches importance to the determination of the 
water absorption of varnishes.* Water softens the film and tends ^ 
to make it dust-eolle(di»g, so that condensation on damp days* 
occurs, and if dust has Ijeconjc .ittaohcd to the,jiurface no removal 
is possible, esj)ecially if the evenness of the surface has been affected 
by the ](re.sence of excess of wpface driers. Penetration of water 
reduces the adhesion find toH set up interaction bct*/oen the com¬ 
ponents of the film. The %w-water absorption of an eljsfic film 

* In the dutcRnination of the water absorption of varnisli films the 
following pj-ooautiops must be taken: • 

(1) The plates dipped in the varnish must lie withebawn at the rate of 

10 sees, per mch.* 

(2) The varnished plates must be stoved until constant weight in a current 

• of air of li) litret per hour. ( . 

(3) It is advisable to use (N/4()0)NaCl instead of distilled water for an im- 

Biersiorfperiotf of 3 days. 


* 
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denotes a high concentration of hnoxyn. Non-jienetration of water 
combined with elasticity are the requirements of a durable varnish. 

The water absorption of a varnish film may also be investigated 
by methods suggested by de Waele,'* who, however, has given few 
defails of the results. The films of varnish were obtained by corfcing 
tinned iron sheets, allowing them to dry for several days, and then 
amalgamating one edge of the sheet with mercury and dilute 
sulphuric acid. In the course of a few hours amalgamation will have 
proceeded sufficiently to allow the film to bo detached. Another 
method of obtaining detached films is to apply a film of a long-oil 
varnish on doped linen and, when the film is dry, to soak the whole 
in water, whereupon the varnish layer is easily detached. H. A. 
Gardner ” has investigated the moisture and water - absorbing 
powers of varnishes and enamels on different kinds of wood. 
Three coats of varnish were applied to the bare wood, and after 
a period of ten days’ air-drying the i)anels (4" x 8" x J") were ex¬ 
posed for seven days in a moist chamber, weighed, subsequently 
immersed for seven days in water, and, after removing superficial 
water, the panels we’-e again weighed. The following are a few 
of the results; 



MoKtiiro, 
nz. iKT Rij. y<!. 

Wafer 
abwirfM'd, 
oz. jier sq. yd. 

Water retained 
aft«T flryinjr, 

0 *. Tier »q. yd. 

Bare wood (spruce) . 

7-04 

37-8.3 

i-4r> 

Kaw linseed oil, wood })ariol 

0-01 

23-2 

218 

Nitrate dope .... 

4-18 

21-!; 

4-7 

Pigmented oil dope . 

2'04 

5-45 

3-02 

Shellac. 

0-52 

1-48 

1-21 

Spar varnish .... 

0-87 

0-5 

. 0-32 

Enamel containing spar varnish 

013 

0*68 

0-3tt 


Wood contains ordinariJy 11-J5 pur cent of moisture. 


Defects of Varnishes.—It is not surprising that with such 
complex and delicately constituted combinations as copal or 
bituminous varnishes great liability to defects after manufacture 
•arc experienced, unless control under strictly regulated conditions 
be insisted on. 'The lack of knowledge of the reactions involved 
and of the properties of colloid solutions, as well as of their surface 
characteristics, is such that defects |n varnishes are very common. 
Many of the sq-called defects may traced Vo (1) improper or low 
quality"fflaterials; (2) careless or inexpefeenced conditions of manu> 
factuip; (3) variation imatmospheric'conditions) ^ 

Cracking of the Film, Flaking, etc. {Vemis crevaasani; Springin. 
Beissen oder Breehen der, Oberfldche). —Sometimes the previously 
diastic film of vafnish- may harden and become so brittle that 
cracks will appear, more especially if variations in the atmos- 
pjheric teraperafure have been severe. The elasticity muA h® 
carefully considered,, so that during the hardening the flexibility 
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must be as ^eat as possible to stand exposure to the sun; whereas 
in a situation sheltered from extremes of temperature the hard¬ 
ness must be as great as possible to withstand reasonable wear 
and tear, f The presence of too high a gum-resin content for the 
requirements will favour the formation of cracks. Cracking of a 
film due to this cause usually manifests itself without any other 
attendant phenomena. If after a period of exposure the film 
Msumes dullness, which appears as an iridescence when viewed 
in bright sunlight, the loss of lustrt^ is due to th(! destructive oxidation 
of the di-ying oil, especially when over-treuted with driers and not 
previously polymerised. An examination of the surface will show 
a network of finc*craoks, at first of microscopic size. This is notice¬ 
able in linseed oil varnishes far more than in those containing 
China wood oil or stand-oil. Occasionally wood oil varnish films 
may show cracks due to the presence of an excessive amount of 
rosin, without loss of lustre, i The rapid and progressive oxidation 
of the dr 3 fing oil will result in a loss in weight beyond the point of 
maximum increase, with a resulting contraction in volume. A rarer 
cause of cracking arises from the application ^)f the coatings in the 
wrong order; e.g. the application of a relatively less elastic under- 
coating on the top of a finishing varnish, whereby the less elastic 
superficial layer is unable to withstand extremes of temperature. 
Cracking may also be due to a lack of adhesion between varnish 
films; e.g. a coating of oil varnish on shellac, may crack owing to 
uneven exjmnsion and contraction of the two layers. Cracking 
may also be due to application upon a layer incompletely dry or 
too thick. More attention should be paid to the rate of expansion 
or contraction of the materials to be covered, as well as to the 
protective undercoats and to the general adhesion to the surface. 
The flatting or keying of coatings acquires increased importance 
when viewed from this standpoint. There is no definite information 
available beyond the results of experience, and further consideration 
would be valuable, as well as a study of the slow devitrification 
of gum-resins on exposure either alone or incorporated with oil. 
It is evident that the above defect is due partly to faulty manu¬ 
facture and partly to neglect of precautions on application. A 
paint undereqating, containing pigments which accelerate the dr 5 dng. 
of oil, if not properly hardened, will cause catalytic oxidation of 
the finishing coat and hasten,cracking due to the diffusion of the 
drier. 

Wrinkling, BiveUinfi {vemii Mant, striant; Fatten- oder Runzd- 
ziehen). -Thjs appi'ars as ^puckering of tlje varnisfr film where a 
thicker layer has collected owing to flow. .With the exception of 
short-oil varnishes, which harften more by evaporation of solvent 
than by oxidatiem, it is a defect whiefc will appear when the film 
has been carelessly applied. Expansion iff volunje of an oil occurs 
simultaneously with ansorption of oxygen followed by a contraction 
in volume of the film, bflt the incre^e in specific gravity does not 
correspond with the weight oj the oxygen absorbed? 

Varnishes%howing a tendency tqsMn-over fii bulk often wrinkle 
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on application. The formation of 'WTinkles is an indication that 
the second part of the reaction, , 

A + O 2 = AO 2 
AOj + A - 2AO, 

indicating transference of oxygen from the surface layer to the under 
part of the film, is incomplete. A hypothesis is put forward by 
H. Wolff,'* who points out that the rate of oxidation of a thick film 
of varnish is great(T on the surface than iu the body of the film, 
owing to the non-penetration of the activating ultra-violet rays. 
Expansion with approach to completion of solidification ryill occur 
on the surface independently of and in advane.e of‘the under layers. 
The defect is (^specially noti(!eable in varnishes containing cobalt 
and manganese (surface driers), as distimd. from those containing 
lead and cerium,'* es|)ecially if the cobalt and mangane.se are 
present in excess. The thinners also play some part in the jduino- 
menon of wrinkling. H. Vollmann “ found that varnishes jirepared 
on th(! sanu' base, using as thinners turpentine, solvent naphtha, 
tetraline, petroleum (k.)).128“-l70° t!.), primary benzol (b.p. fi(l° 
and petroleum (b.p. fi.5°-94° V.), remained, with two exceptions, 
practically free from wrinkles when kept under nal glass or in 
the dark for six months without free acc(!ss of air. The two 
exceptions (benzol and low boiling ])oint petroleum) were more 
wrinkled under white light than in the red light or in th(» dark, 
but remained perfectly smooth in the chamber where there was 
no free access of air. The use of highly volatile thinners is conducive 
to wrinkle formation. The lack of free access of air might have 
prevented wrinkling through slower evaporation of the solvent and 
slower oxidation of the drying oils. Immature, varnishes may show 
rivelling. 

Pinholing or Fitting ( Nadelldche.r).-^The surface shows numerous 
depressions due ))artly to deposition of })articles from an insufficiently 
matured varnish. The nuclei arc generally gum-oil particles which 
are floating in the varnish due to defects in manufacture or to the 
use of exccfss of non-solvent thinners. Warming or addition of a 
true solvent will generally remove the effects, or the particles will 
be slowly deposited on tanking. Improper mixing of varnishes 
will often produce pitted surfaces due to the separation of some 
components of the mixing. Oils free fi;om foots and break, asphaltum 
and bitumens, which are freely soluble after cooling, carbon blacks, 
finely ground and free from grease; 'and mjneral spirits of proper 
rates oj evapeffation, must bo selected jto avoid pitting and crater 
formations in black Japan films.*' The cause of pitting in black 
Japans is considered to be stearine from varieties s2 stearine pitch, 
and may be avoided by use of lighter grade petroleums.** 

Cissing {vemii repoujsant un gras; krieehen). —This term is 
used to describe the phenomenon occurring fkhen oil is applied to 
a damp surface, or vice versa^ and consists in the contraction or 
•etrogression o? the film to produce separate drops of lesser 
surfaoev It indicates thd existence of high "interiacial tenMon 



275 


PROPERTI& AND DEFECllS OF VARNISHES 

• 

between the varnish film and the surface, which may be another 
varnish or a metal or a pigmented surface. ’ Cissing usually occurs 
after the application of a varnish film to a glossy undercoat 
which has not been properly rubbed down by pumice powder to 
prRvide a “ key ” to the following coat. Sometimes a film will 
dry to an even surface in the air, but on stoving the defect appears, 
cs]X‘cially if the mixing contain gum-oil particles in suspension. 
'The d(!feet would ajjjx'ar to be connected with the rate of eva])oration 
of the volatile thinner, as well as w'ith its solvent properties, because, 
if the volatility of a }X‘troleum thinner be nxlueed by addition of 
turpentine, cissing may Ix! jirevcntedi 

The inhibiting effect of llattiTig is ]>robably a(!eount(‘d for by 
the modification of the " angle of contact ” eonseipient upon the 
roughness of tlu^ ilatU^d surface. (Hssing may also be prevented by 
varnishing o\'ei- the undercoat, which is still on the tack, i.e. before 
it is (piite hard and dry; and then more com))lete contact takes 
])laee owing to a slight mutual solubility of the up]X‘r and under 
surfaces. It may even occur whei\ rubbing down of the under¬ 
coat has been done, a'nd is attributable toTheniewiiess of the varnish, 
wbieb ne<‘d not be so new as to be cloudy. It is probable that the 
microseo))ie dispersed particles which separate on the rapid eva])ora- 
tion of volatile solvents act as nmdei similarly charged to the bulk 
of the medium, and con.se()uent repulsion around the n\iclei takes 
l)lace or selective absorption of the components of the film. The 
remedy is the addition of a solvent which will hold the microscopic 
particle,s dissolved until the film has set. The explanation of 
cissing is occasionally difficult, but the sweating through of an 
immiscible component of a previous undercoat, e.ff. a bituminous 
undercoat, may be the cause. Washing of the undercoat with 
dilute sodium carbonate or rubbing it over with whiting may remove 
any danger of cissing. 

BuMing. —The ap|x;arancc of small bubbles during application 
of a varnish, changing subsequently to pinholes, is a trouble 
generally due to too rapid an a{)plieation. Too low a viscosity 
owing to excessive thinners favours the formation of bubbles, which 
consist of .air entrap|x>d wdthin .a rapidly drying thin varnish film. 

Blistering (Iml Peeling (nernis santant, s'eeaillant; Bhisenziefien).—i 
These are due to the ^ame cause, viz. enclosure of ultimately 
volatile or even gaseous psoducts within vatnish films. A soft 
undercoat of paint containing oil or fat of*a non-drying character 
is considered to prodijce by n»; expansion a swelling of the surface. 
Water may also be the cajse, it being absorbed dunng th^ flatting 
down and not expelled before the application of the next coat. 
Reference to tfce water-absorBing properties of varnishes will show 
that this explai;g.tion is most probabl|^ incorrect, owing to the com¬ 
parative permeability of the varnish film watei;. Sohd impurities, 
often metallic soaps (driers), arising from imperfect maturing of 
the garnish, set up locSil points of,decomposition of the oxidised 
film immediately in contact^with the undercoat, w4th development 
of gaseous products of decomposition, which afe unable to penetrate 
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the surface film. These gaseous products may arise from the 
action in the undercoat of driers which often contain water. 
Exposure to the sun or stoving in a damp atmosphere on a soft 
undercoat eijcouragcs the formation of blisters for the reason just 
given. Generally the commonest cause of blistering is to be found 
in the inadequate hardening off of the undercoat before the appli¬ 
cation of the finishing varnish. The examination of transverse 
sections of blisters of paint films would be of value. 

Peeling is the result of the application of a varnish coating 
on an undercoat containing too much drier, for the reasons given 
above as to the cause of blisters formed round the nuclei of 
particles of drier. This defect will not occur if the ^surface has been 
properly rubbed down previous to the apjfiication of the finishing coat. 

Ohalkiwj {vernis blanchiasant ).*—The whitish translucfmee. of a 
varnish film on immersion in water is due to an emulsion of water in 
the film, provided that the opacity disappears on removal from the 
water and subsequent air-drying of the coating.^’ It is most marked 
in elastic liaseed oil varnishes, and its intensity is a function of a 
number of variables \thicJi have been referred to under the water 
absorption of varnishes, viz. the thin-oil content, the amount of 
basic oxide, lead or lime, and the age of the film, i.e. the amount 
of linoxyn or polymerised components in the varnish. The presence 
of polymerised oil or China wood oil inhibits the opacity, and the 
.neutrality of the mixing has the same effect. Some authorities 
state that chalkiness is not detrimental to the durability of the 
film, but it must be admitted that the formation of an emulsion 
will affect the adiiesion of the film to the surface. If varnishes of 
an elastic character can be produced which remain clear in water, 
they ought to be preferred. The danger of the surface becoming 
spotted, due to the imprisonment of the emulsified water noticeable 
in fresh varnish films, is serious. The older a filtn is before it is 
exposed to moisture, the smaller will bo the amount of water 
absorbed and the less the intensity of the whiteness. It is generally 
advisable for a varnish to have as long a period of air-drying as 
possible before it is subjected to the action of water. To avoid 
the defect of chalking, certain important principles must be adhered 
to in dealing with elastic varnishes : 

(1) The water absorption must be low, i.e. the proportion of 

polymerised oil muSt be as high as possible, a fact which favours 
the use of China wood oil, and the polymerised oil must be capable 
of drying hard^ and free from tack. ' t 

(2) If thin linseed pil be present, the amount of lead, lime, 
or other metallic oxides must be reijuced as much as possible, or 
the metals must be in combination with the gum aiSds in the film. 

(3) If the acidity of the‘resin be reduced the. reduction must 
-be brought about <by traifeformation into a npn-emulsifying ester. 
The presence of lime in rosin produces charting. 

The use of posin or rosin osters in China wood oil vameshes 
las produced filfns wWch s^ow no opacity in dist.illed water. 

* Cbuking of vamislies must not ba confused with “ chalking” of paints. 
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H. Wolff haa experimented with varnish surfaces exposed 
to the action of water, the water being varied with respect to 
dissolved air and oxygen. He concludes that any action which 
attended the experiment was due solely to the water and not to 
this dissolved gases. 

In sea water chalking is much less j)ronounoed, and it is quite 
easy to remove the milkiness from a film by soaking it in N.NaCl 
solution, which will reduce the water absorption to a low value. 

The presence of substances which increase the water absorption 
will tend to increase the milkiness. The addition of a lead dr 3 fing 
oil, although diminishing the wetting power of the surface, is found 
to increa.se the*wat<'r absorption and the ojjacity of a film. It 
must be noted that lead in a polytiierisod oil varnish or added 
in the form of a rcsinate does not produce a marked chalking effect, 
partly owing to the nature of the oil and partly to the slight water 
absorptive power of the film ; moreover, it is possible to introduce 
into a varnish substances which inhibit the emulsification of the 
absorbed water. The addition of wax (Carnauba or beeswax), 
which does not remain in solution and gfves»a cloudy film, is found 
to have no effect on the water absorption, although the surface 
tension of the film to air is greatly increasied. With increased 
gum content the milkiness i.s reduced, provided that emulsifying 
metals are abs<‘nt, so that in the case of a “ polish ” the water 
absorption is much reduced, and the film remains clear on immersion 
in water for a very much longer time than in the case of an elastic 
varnish. 

In the case of shellac or spirit varnishes containing resin the 
W'ater absorption is c,ora])arativcly high and, chalking appears 
quickly, and docs not disapjxiar when the film is removed from 
the water and allowed to dry in the air. The opacity is permanent 
and the emulsion formed is one of the resin as the disperse phase, 
in contradistinction to the emulsions of the elastic oil varnishes 
which contain water in the disperse phase. 

BUxfiii (Vernis voilant; Wolkig- oder NeMigwerden ).—Much 
has been written on bloom,” and no agreement as to its cause 
has been reached. The problem is, however, closely related to 
that of chalking, and affords an interesting example of the application 
of the principles of thf? ])hysics of the surface. The explanation 
put forward by the writer qousiders, firstly, the changes occurring 
during the drying of a varnish film, and secondly, the changes 
which occur after it has set hjrd. 

Ihying is an oxidation and gelation process, afid the nr^ucts 
depend on the nature of The driers emp%ed, as lead qcts in one 
way, manganflte and cobalt ifi another. Extensive oxidation of the 
drying oil by superficial driers (manganese' and cobalt) will tend 
to produce a superficial film of linoxyn, whic^ will sul^quently 
become uneven, llie part played by the drier is an important 
factor in the considoraftion of bloom ' The first stage of blooming 
is the production of a veil or superficial bloom flue to a film of 
moisture and du%t which‘has collected on the microscopically 
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uneven film, and which retards the thorough oxidation of the 
film, while the dust becomes embedded in the moisture-softened 
surface. If this bloom be washed off soon aftet its formation, a 
clear surface is left, but it may be covered again by more bloqm, 
also removable by water, leaving a bright surface, which may or 
may not become dull, de))ending on the nature of the varnish. If 
the veil be not removed by washing, the film of water continues 
to gather dust and will gradually penetrate the varnish coating 
and cause a change in the dispersion of the resin-oil component of 
the linoxyn with loss of transparency. The amount of water 
absorbed is so small in quantity as to be unweighable. This per¬ 
manent bloom docs not disappear \mder the ordinary variations of 
temperature. By addition of suitable inhibitors of dispersion 
changes to the varnish during its manufacture, and by the incor¬ 
poration of substances which preserve the smoothness of the surface 
and prevent condensation of moisture, it is possible to prevent 
temporary and permanent blooming in either linseed oil or China 
wood oil varnishes. It must l)e remembered that the presence of 
any ingrcrlient which hill interfere with the uniform setting of or 
produce a change in the film surface subsequent to .setting will 
favotir condensation, so that the introduction of viscous oil into a 
varnish mixing may produce bloom. The. causes of blooming as 
set out by the writers of varnish text-books are many and varied. 

CofiSgnier states that varnishes l)ceome white owing to the 
presence of resins of inferior quality, e.g. rosin, or to excess of 
driers {vemis blanchissani). Bloom {vemifi voilant) may be due 
to insufficient sw'eating of the resin, lack of elasticity of the varnish, 
foul gases in the air, or too ra])id exjwsure to moisture before 
hardening.) “ Si le beau brillant est obtenu avec un(! resine de 
qualite inferieure il ne tarde pas a disparaitre, la surface devient 
mate et quelquefois les verms hlanchissenl, et ne restent j)as sur 
I’objet qu’ils rccouvrcnt. Sous la simple action de Thumidite ou 
de la pluie le memo phdnomene peut se produire. Bans ce cas, 
on peut etre certain que le. vernis est a base de eolojhane ” (this 
apparently applies to chalking). “ Quelquefois le brillant disparait 
par suite de la production d’nne sorte de buee a la surface, qui 
parait recouverte d’un brouillard; on dit que le vernis voUe. 
Or, on a constate le fait avec de bons vernis. II peut se produire 
s’il y a condensatiowde I’eau pendantle seehage ou sous I’influence 
de certains gaz contenus dans I’air. line mauvaise cuisson de 
gommes laissant des corjjs huileux peut oonduire -a des vemis 
voilants,; mais' s’il est possible de trowver des explications pour 
certa,in8 cas, il en est d'autres oh, ap contraire, il est a peu prbs 
impossible de savoir pourquoi un vernis a voile.” 

According to the explanatton given above it might be considered 
that the acidity of Ahe filiii is a factor in the condensation, tind by 
acidity is meant the water-soluble acidity, arising from the resin 
or the oxidation products of the oil. Manganese and cobalt»wiIl 
%e more active ii producing bloom thgn lead driers, and simUarly 
a short-oil vamish containing manganese and cobalt trill condense 
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water more readily than a long-oil varnish oontaining lead. Certain 
long-oil varnishes are, however, able to condense water and to 
bloom. The changes in the water-soluble acidity of a film of dried 
varnish not containing load has been referred to elsewhere, and 
it Tias been found that the values are far higher than those of the 
original varnishes. The water-soluble acids are volatile, as is 
indicated by the reduction in their amount after the film has been 
exposed to mercury vapour light, and also in the reduced condensa¬ 
tion on exposure to moisture after the mercury light treatment. 
Nevertheless, it has been found that the water-soluble acidity Ls not 
a factor in either condensation or bloom.* 

Wolkiy-, Kmichig- oile.r Nehliywerdm (reifiy), Anlaufen, Hamh 
hekommen, are the terms used in Germany to describe the same 
phenomenon. 

Seeligmann and Zieke (p. 793) .state: “ Die wahrscheinlichste 
Ursache ist die Kondtmsicrnng von Feuehtigkeit auf der noch 
nicht erharteten Lacksohicht.” 

In damp eliinate.s bloom is more frequent than in dry, and can 
in many eases be relnoved by washing. • Fr«)m the writer’s experi¬ 
ence, bloom can be detected in a few days at any time of the year 
by the mist formed on a diy film of the varnish on glass partially 
iminer.sed in water. It can oi^cur with the same varnish in 
one place and not in another. The colours in varnish exert no 
influence on the bloom. Weathering is said to be a factor, and 
the content of low quality resin is said to make the film hygro- 
aoo])ie. The pieparation of a non-blooming varnish requires 
experience and knowledge of varnish componenta.^'^’ The control 
of uniform and regular setting and hardening of the film dejxmds 
on a nutnbei' of factors ; moreov(u', se])aration of material in the 
film itself may affect the evenness of the surface and ))roduce 
condensation, it would appear also that the presence of substances 
which by their action will produce the slightest degree of unovemiess 
of the film will produce surface condensation, and in most cases 
bloom is traceable to such a cause. Microscopic silkiness must 
occur Ixffore condensation appears. 

An American explanation of blooming or blurring is that due to 
poor material, but in wet weather the trouble may apj)ear on the 
best pos.sible finish, although it is usually corrected by washing thfe 
film with water and allowing to stand in the^sun. In the opinion 
of the writer the influence of turpentine stfbstitutes in encouraging 
bloom is very doubtfgl. Thfc^ld practice of washing down a varnish 
film wdth water a few days after application removes the film of 
dust and moisture held oy the sujKsrficiaS acids which relards the 
hardening of %he surface. • 

It is advisajtle to ventilate roomsrin which varnish work is being 

done, and to keep the floors dry and frag: from dust. 

♦ • 

• Chalking and bloomtire closely connected in the short'Oil resin varnishes 
an(?appear to indicate a change in the iiispersion of the^esin oil component. 
The temporary chaljcing of loii^-oil varnish films is due to emulsion of water 
in the film, i#hicji disappears when th^fiim Aries. * 
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WMing, or Crocodile Skin .—^This defect appears at first sight 
to simulate cracks, but it is really due to a puckering orrivelling 
of the surface, the excess of film being drawn up'into ridges which 
form the boundaries of a pattern work. It occurs when China wjod 
oil is present in a varnish, especially when the oil has been in¬ 
sufficiently cooked or polymerised during its incorporation ; more¬ 
over, it depends on the conditions of drying; e.g. in the dark or in 
the absence or low concentration of ultra-violet rays. The webbing 
may appear in an atmosphere highly charged with carbon dioxide, 
although under ordinary conditions it may not occur. Since so many 
vaniishes now contain wood oil, a webbing test is of considerable 
importance. The test adopted in the British Standard Specifications 
for Aircraft Materials (2 X 6,1920) is as follows: The apparatus con¬ 
sists of a copper oven, 15 x 15 x 15 cms., having a hole 3 cms. diameter 
in the middle of its floor and containing a perforated copper shelf 
placed centrally. At the top of the oven are two tubulurcs, one 
of which is left open, while the other is furnished with a cork 
through which passes a thermometer with its bulb reaching to the 
central shelf. A micao-burncr, 4 mms. internal diameter, giving 
a luminous flame 12 mms. high, is placed underneath the hole in 
the oven floor, at such a distance that the tip of the flame is about 
8 cms. from the plane of the floor. By this means, with an outside 
temperature of about 14° (3. (57° P.), a temjxirature of about 38° C. 
(102° F.) will bo maintained at the shelf of the oven. Glass plates 
{e.g. micro.scope slides) coated with the varnish to be tested, drained 
vertically for half an hour and the bead removed, are then placed 
upon strips of cardboard of the same size and dried on the central 
shelf of the oven, care being taken not to cover up the perforations 
in the shelf. 

Similar irregularities of drying have been notic(;d in the case 
of perilla oil. The defect is caused by differences in surface energy 
of the components and their rates of superficial oxidation. The 
presence of a more rapidly oxidisablc component in a drying oil 
may often cause the film to as.surae a pattern-like arrangement, 
which may be circular in the case of an oil or irregular if a resin 
is present. 

Curdling or Ropincss .—^These terms are used to describe changes 
in viscosity on storage or chilling. They avc noticeable on applica¬ 
tion of a varnish by (j|ie production of ap uneven surface. Generally 
they must be connected with changes in the colloid dispersion 
accompanied by changes in viscosity,' The 4pfect may go farther, 
when it is described as “ livering,” wher^ there is a general separa¬ 
tion of S. ^m resin-oil eomponent. By addition of raw or boiled 
linseed oil, spirit or other varnishes, liiarked viscositj' changes may 
occur, culminated by an actual separation of a gum-oil-thinner 
coiMlex from the system. ^ 

There are a number of terms in use dekriptive of varnish 
defects, of which a few additional may be Mentioned : o 

« Silkinesg (»erlf.w striant; seidemrti0. —This is allied in some 
respects to ropiness. Mid appears, as a general fitie ^tdatiou of the 
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surface caused by excess of drier or by lack of flow due to chilling 
(of. bloom), r 

Sweating up b/ a varnish film (vemis suintant; Schwitzen) is 
o^sed by the too early flatting of a varnish coat before it has had 
time to harden; or a soft varnish containing too much oil will, 
after being flatted, lose its roughened dull surface and become 
lustrous. 

Sinking-in of the film, sleepiness {vemis s'enfongant; Einsinken, 
Schla frigwerden), may be caused either by excess of volatile thinner or 
by the application of a varnish on a layer which is incompletely dry. 

Msttled Surface.^ Thifi is very marked when a short-oil or hard 
varnish is sprayed on an iron ])late. If the varnish be warmed 
slightly before introduction into the spraying pistol the defect will 
generally not occur, because the globules of varnish will possess 
suffioient fluidity to coaleset'. 

Turbidity.—The clouding of varnishes either during the course 
of manufacture or after the varnish has been kept for some time 
is a well-known defect. \ turbid varnish is looked upon with 
suspicion as indicating an excess of dribr, but nevertheless a clear 
varnish may become turbid on standing, even if a drier of the best 
grade and in proper quantity has been employed, l^ead resinate, 
like lead iinoleate, will give cloudiness, because it reacts with the 
free fatty acids in the linseed oil or other oils employed, and the 
precipitate in the presence of linseed oil always contains lead 
stearate. Deposits are, however, not formed if proper precautions 
are taken wheii lead resinate is used as a drier. The presence of 
mucilage in the oil may act as a prob'ctive colloid and retard the 
separation; moreover, it has th(^ jiower of absorbing or retaining 
water, influence of which on chemical changes must not be neglected. 
It must be pointed out that the acidity of the oil in the varnish 
mixing must be considered if lead resinate be used as a drier. 
Generally the acidity due solely to the resin tends to preserve the 
brilliancy of the varmsh mixings, whereas neutrality of gum-oil 
mixings "is unfavourable in that resjiect, especially when metallic 
driers are present in any quantity.* 

Durability of Varnishes.—^From what has been stated in previous 
chapters it is evident that the drying oil confers durability on t^e 
oil varnish film, the fubetion of the ro.sin being essentially to give 
gloss and hardness. The p»'c.sence of polymeaised oil improves the 
wearing properties, and the combination of^olyraerised and oxidised 
oils in a film is m#st favbarable for durability. The degree of 
coagulation of the linoxjjp or polymerisation, forVant of a better 
name, would seem to be conditioned by the nature of the metallic 
driers, and tSfere is much evidence in favour of the coagulation of 
the oil deciding the resistance of tile film to weathering agencies. 
Long-oil varnishes are generally moretiurablq than short-oil, the 
latter containing a* higher percentage of resin, nthich is relatively 

•* Turbidity may be caused by reduation of the dispersion of the resin in 
the oil vami^ mii^ng. and it.may often be removed By suitably increasing 
the acidity ifl t^p system. 
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inelastic and often prone to disintegiution, due to oxidation or to a 
transformation from the vitreous to the crystalline state. Chalking 
in water does not neeessarily indicate a bad varnish, but there is a 
softening of the film due to absorption of water and a strain earned 
by the swelling from which the film does not completely re(!over when 
it dries ; moreover, the adhesiveness of the film is weakened. The 
minimum water absorption and the maximum elasticity of a varnish 
film have been put forward by the writer as te.sts for durability, 
although they cannot completely replace the lengthy jxiriod of 
exposure to the air, which is the only real and satisfactory test. 
The minimum water absorjrtion in an elastic varnish indicate the 
proportion of linoxyn on which the durability of the film depends. 
Water absorption and elasticity do not take into account the 
oxidising influence of weathering, although the presence of air in 
water has been shown to have no more effect than the water alone. 
Possibly the effect of immersion in dilute, hydrogen peroxide is 
worthy of study. A good long-oil varnish film ought not to perish 
on exposure for a year, although its lustre will have de])reciated, 
and in the China wood'-oil fclasscs films ought to stand for eighteen 
months or two years without appreciable loss of lustre, although 
a fine cracking of the surface is often noticeable. It may be of 
interest to refer in greater detail to American tests for durability 
which have been mentioned in connection with the British Aircraft 
■Specifications for out.sidc varnishes. In the specification U.S. 
Naval Spar Varnish (No. 3, March 1, 1!I18) the following details are 
given of a durability test: 

The varnish .shall be applied, in three coats, to two unfilled panels 
of maple wood. The panels must not be le.s.s than 5| in. wide by 
18 in. long by | in. thick. The first coat of varnish, after drying 
indoors for three days, .shall be lightly sandpaj)ered with No. 00 
sandpaper before the application of the second coat. The .second 
and third coats of varni.sh shall be allowed to dry three days 
indoors, but neither coat shall be sandpapered or rubbed. A pro¬ 
tective coat of varnish (not for test purpo8(‘s) shall be applied to 
the back and edges of the panels. The duplicate panels shall then 
be placed out-of-doors at an angle of 45 degrees to the vertical and 
^{icing south. 

The durability of the varnish on the te.st Jianol must be equivalent 
to that of an approved varnish Under the same conditions. 

The importance of tfie nature, of the undercoats in influencing 
the durability of varnishes must not M forgotjten, esjajcially if iron 
plates b(j used if! the trials. , 

It is evident that considerable time of exposure would be neces¬ 
sary to produce deterioration in the ‘case of high-efias varnishes, 
and the test is accelerated if the varnish film be applied on a painted 
thin iron plate. Ip the I>.S. Array Specification for spar varnish 
an interesting test, viz. the Kauri Solution Test", appears. 

Kauri Solution Test .—The ^auri Solution Test is made, by 
proportionately reducing the elasticity 9 f the varnish under test by 
a solution of No. 1 “ rtin ” k&uri jn pure spirits of turpentine. 
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Directions are given for the preparation of the kanri aolntion, in 
which the resin is distilled at a temjterature of 371° ('. until 25 per 
cent of its weigh? has teen driven off. The residual resin is dis- 
soljjed in twice its weight of turpentine at 149“ C. In carrying out 
the test the non-volatile content of the varnish under teat must be 
determined. To 100 grams of varnish arc added an amount of the 
kauri solution equivalent to 50 per cent by weight of the non¬ 
volatile matter in the varnish. Flow a coat of the varnish thus 
reduced, on a 4 x5 in. panel of JOO lb. tin. Allow the varnish to 
dry in a nearly vertical position at room temiierature for one hour. 
Place ike panel in a horizontal jmsition in an oven and bake for 
five hours at a temperatun^ of 93°-lOO° C. Remove the psinel from 
the oven and allow it to cool at room Punperature tor one horn. 
Place the panel over a J-in. rod and Ixmd it double quickly. The 
bending should be done at room temperature (21°-27° C.). The 
varnish must show no signs of cracking at the point of bending. 

The writer is in general agreement with the importance of this 
elasticity test, which is restricted to spar or boat varnishes, but the 
staP^ment by certain American authorities*1,hat there is no possi¬ 
bility of a varnish, which is capable of standing the kauri solution 
P;st, failing under actual exjiosure trial cannot te generally' accepted. 

Waler Test.- Another American test in connortion with the 
durability of varnishe.s is the water test. A bass wood panel 
is tilled with a coat of droj) bkotk in oil, thinned with turpen¬ 
tine and drier, and allowed to dry for at least ten days. A coat 
of varnish is then ap))lied, allowed to dry for forty-eight hours, 
and lightly sandpa|K'rcd. A .second coat of varnish is then 
applied and allow'cd to dry for seventy-two hours. The panel 
is inclined at an angle of 45 degrees and a gentle stream of 
cold tap wap'r allowed to flow down the middle of the panel for 
forty-eight hours. The varnish must show no whitening, dulling, 
or other defects after any deposits duo to tap water are wiped off 
with a chamois skin. 

Similar results may be obtained when one coat of varnish is 
flowed on a panel of clear window glass thoroughly cleaned with 
benzol, allowed to dry for forty-eight hours, and immersed in dis¬ 
tilled water at room Piinlierature for forty-eight hours. Tljo 
varnish must not show* any wliitening or dulling at the instant of 
removal of the panel from tJie waPw. ^ # 

The conclasions drawn from the above water Pist are not of 
real assistance in daPu'minutg the dtirability of varnishes. There 
are many excellent varn^hes on the majket whifh will pot stand 
the American water test, ^nd it has been shown in,a previous 
chapter that the chalking of the varnish film may be brought about 
by the presenoc of small quantities d! metallic substances which are 
not detrimental to,the life of the vanish. li the American spar 
varnishes are to be rci^ricted to those of the tung oil class, then the 
waiter test is more reliable, but it,will certainly break down if the 
above percentage of linseed oil in the mixing be Amsiderable. 

The faAoii of neutrality of % varfdsh ol' of its components is 
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worthy of consideration. Generally a neutral varnish will be more 
resistant to the action of the weather, but neutrality by addition 
of metallic oxides will cause brittleness and subsbquent disintegra¬ 
tion due to hydrolysis of the resin salts and the action of earbo|uc 
acid thereon ; moreover, the dispersion of the resin is modified, 
and slow thickening of the varnish mixing will ensue. Neutralisa¬ 
tion of the resins by glycerine is desirable in conferring elasticity, 
although reducing hardness, but the solubility of ester gums in 
oil is less than that of the resins. 

From what has been stated under the defects of varnishes it is 
evident that a mixture of gum oil and resin is a very s*nsitive 
combination. The durability is conditioned by the propenties of 
the resin linoxyn gel which is left after the film has set. The writer 
has put forward the view that the elasticity of the film and ita 
water-resisting properties are prime factors in foretelling the dura¬ 
bility of a varnish film. The examination of the elasticity by the 
methods already described or by the kauri constant test are generally 
admitted to be of great value. The water absorption test is indica¬ 
tive of the adhesion cf the film to the surface, as well as of the 
possibility of action of water with the components of the film, 
chemical or physical, in the production of emulsions of water in oil 
or separation of the resin in the film. In the ca.se of long-oil 
varnishes the water absorption indicates the degree of linoxyn 
formation in the film under the conditions of testing. The presence 
of driers in great quantities accelerates emulsification, setting up 
strains in the film and weakening the adhesive power. The influ¬ 
ence of the ash content (metallic driers) must be considered. 

The following figures will show the connection between the 
ash-content, elasticity, and durability of a number of varnishes; 



I*CR‘Pnt4igf* 
\sh ((lum uiiil 
Oil (lantfnt). 

ElusUcity. 

Durability. 

A. 

1-96 

Good. 

Fair. 

B. 



Good. 

B. 

1-48 

Fair. 

Fair. 

C. 

0 06 

Brittle 

Poor. 

D. 

1 lUi 

KlQHtiC. 

Very fair. 

E. 

2-9 

Brittle. 

Poor. 

F . . . n . 

0-J2 

.s Klafltic, 

Good. 

Special . . . 

1-8 

»» 

Poor. 


The qharactd'istios of a durable vami/^h are : 

(j.) Elapticity of the 5nlin; the ratio of resin to oil must not be 
greater than 1 :1 -6. '■ * , ■ 

(2) The water absorption‘‘must be low and must not exceed 
8 per cent after thrpe daysft immersion in N/40((. NaCl. 

(3) The ash content must be low. It oug^t not to exceed 1 -6 per 

cent on the gum and oil contenij. i 

" (4) The acidity of the varnish must be low., It ought not to 

exoeed‘20. • ‘ , , * 
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(6) Consistent with flow, time of drying, and hardness, the 
amount of thick oil must be as large as possible. 

H. Wolff hasv found that neither the action of light nor tem¬ 
perature are nearly so harmful in the weathering of paints as is 
miSt or dew. The condensation of moisture on the pigment or on 
the underlying material is verj' harmful. 
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SriBIT VAltNISltK.S 

General Characteristics. — iS])iiit( vavninhcs are distinguished 
priraai'ily from oil varnishes, in that on the ('vajroration of the sohent 
the resinous (loiistituent iuiparts to the him its own eharaeteristics 
without the influenee of the drying oil re(iuiring oxygen for attam- 
inent of a linn linoxyn filBi. Generally, they camsist of a resin oi 
a mixture of resins, natural or artifieial, or soluble cellulose deriva¬ 
tives, and the process of drying on application to a surface consists 
essentially in the evaporation of the solvent, (hdinarily the time 
of drying is much shorter than that of oil varnishes, but a few of 
the spirit varnishes, (’.(/. spirit soluble Jiakelitc, reijuire stoving to 
give hardness or insolubility in solvents. The resins, with their 
lustre and hardness, are not’usually elastic, and very randy possess 
the toughness which will fit them for hard wear. Some improve¬ 
ment in the elasticity of spirit varnishes can be obta,ined by the 
addition of certain substances which, however, often diminish their 
hardness and wearing pro]K'rties. Spirit varnishes are especially 
suited for th(! preparation of coloured varnishes, owinfi^ to the 
solubility of most aniline colours in methylated spirit. The 
character of the solvent varies with the dissolved mahwial. Methyl¬ 
ated spirit is the commonest solvent, together with less volatile 
alcohols; e.g. butyl and amyl alcohol (fusel oil), and benzyl alcohol 
ketones (acetone and homologous ketones, acetone oils); esters 
(amyl acetate, methyl and ethyl acetates), hydrocarbons (bimzol, 
teluene, and xylene) are also used. The solvents proper are often 
diluted with non-solvents, e.g. iictroleura or nitrobenzol, in order 
to produce a mixing oi suitable viscositj'. It is found that the 
solid component of a spirit varnish is^often soluble in a mixture of 
two liquids, alth^fugh it is insoluble in either of them separately. 
Softening* substances arw- often added ; ^:.g. castor oil, which ifl 
soluble in ftlcohol, or triacetin and jilienylphosphat*, which are 
incorporated with cellulose acejate in dopes. . j 

The principal solvents fjir the resins have been already referred 
to in Chapter VIII. * 

‘ Reparation .—The description of the preparation of spirit 
Varnishes, which consist of a sollition of a resin in alcohol, is very 
simplq. The first method consists in sfJrring the*resin ^ spint m 
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an open vat until it is dissolved and the insoluble impurities, bark, 
wood, etc., are allowed to settle or are separated by filtration. 
The solution of the resin can be accelerated by digesting in a wooden 
barrel fitted with a manhole for charging, the barrel being rotated 
aBout its horizontal axis either on geared spindles or on trunnions. 
Another method consists in dissolving the resin in spirit in a (dosed 
steam-jacketed digester fitted with a stirring gear. Although hand- 
stirring appears primitive, it is claimed that paler varnishes are 
thus obtained, owing to the reduced contact with air to which the 
varnish is subjected. 

Th(j elarilioation of .the fre.shly prepared .spirit varnish is 
eifected either -hy sedimentation or filtration ; in the latter case 
aj)eeial precautions have to be taken owing to the volatility of the 
solvent, e,s|K'eially if centrifuging be (unployed. 

(Vaftsnu'n's (letails as to the methods (.if application of spirit 
varnishes, the preliminary jii'eparation of the wood, and instructions 
for French jiolishing, are given in Hitinead's French PoUnhimi and 
Enamelliwj} 

Shellac Varnishes. -Shellac is one (d tlgi most im^iorlant con¬ 
stituents of spirit varnishes, as it possesses a degree of hardness 
and elasticity distinguishing it from all other gums and resins. In 
a former ehajiter full I'eferenee hah been made to the varieties which 
are employecl in shellac varnishes. A number of formula? are hero 
given in illustration of the uses to which shellac varnishes are put. 

Knoltinej Varnish. As a damp-resisting coat or to cover knots 
in wood ; Orange shellac 112 lb., medium rosin 5(5 lb., methylated 
spirit 2H galls. ; or, button lac 84 lb., orange lac 84 lb., methylated 
spirit 30 galls. 

Staving Brass Lacquer. Button lac 112 lb., .sandarach 6 lb., 
gamboge J lb., dragon s blood 3 lb., methylated spirit 30 galls. 

Siher Brassjinishers' /.aejjrer.—Bleached lac 24 lb., sandarach 
6 lb., gamboge 21 lb., aloes 4 lb., Venice turps 2|-5 lb., methylated 
spirit 3.5 galls.; or, bleached lac 112 lb., sandarach 0 lb., methylated 
spirit 25 galls. 

Steel iMcqmr .—Button la(( 112 lb., raanila resin 7 lb., medium 
rosin 4 lb., turmeric 12 lb., methylated spirit, 21 galls. 

Negaiivc Varnishes .—iShellac | lb., sandarach 1 lb., castor oil 
3 oz., methylated spirit»2 galls. » 

Cabinetmakers' Varnish .—Pale shellac 5 lb., mastic 7 oz., 
methylated spirit | gall. * • 

Brovm Hard Spirit Varnish .—Button lac 84 lb., medium rosin 
84 lb., methylated sjjirit 28 galls. « 

French Polish. —Oraril^e sh(?llac 76 Ib.f manila re.sin 16 lb., pale 
French rosin^O lb., methylated spirit .50 galls. * 

^Before applying the jmlish the vg)od should be made to absorb 
a little linseed’oil and the exee.ss remov|d by flannel. The varnish 
is applied with a feided linen cloth impregnatetfwith the polish. It , 
is rubbed softly on idle wood until the pores are filled. If the 
varnish sticks or becomes tacky, S little olive oi|*i8 applied by the 
fingers on tJie folded linen Cloth. The.finishJs obtained by pouring 
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a little alcohol on a piece of linen and rubbing the varnished surface 
until it takes a fine pohsh. For first-class work polishing with a 
shellac varnish takes several weeks; e.g. pianos in mahogany require 
at least five times polishing and an interval of time must be allowed, 
otherwise the pohshed film dries too hard. It is for this reason 
that oil varnishes are now in demand for such work (p. 233). 

Bookbinders’ Farais/j. —Garnet lac 118 lb., methylated spirit 
10 galls., Venice turps 7 lb., aniline spirit-black IJ lb., chrysoidine 

2 oz. Another variety has the following (composition: Button, 
lac 112 lb., sandarach 3 lb., methylated spirit 10 galls. 

Many spirit-soluble aniline colours are used which are ^elected 
for jiermanencc to light. It is evident that the ^.-operties of the 
shellac are mexlified by the addition of other resins, e.g. manila, 
sandarach, mastic, Venice turjientine, and kmoin; for each 
requirement there will Iw a special formula. The quality of the 
ingredients varies greatly, so that the formulae are liable to modifica¬ 
tion. The price is also an inijfwrtant factor, and modifications by 
the introduction of cheaper resins arc much encouraged. The 
formulae are craftsmen’s secrets, and those given above must not be 
taken too literally, as they give a guide only as to the broad char¬ 
acter of the components. In the ca.se of cold lacquers, where 
evaporation has to be controlled, the addition of amyl acetate and 
fusel oil are usual, but for dcciorative bedstead work the competition 
by lacquers of the Bakelite tyjjo has reduced the demand except 
for very pale varieties. 

The application of shellac varnishes may be by brush or spray. 
In some cases the metal to which the varnish is to be a])plicd is 
pre-heated, so that the evaporation is accelerated, and by careful 
brushing a thicker coating is obtained. 

Water-soluble shellac solutions are often employed in hat 
manufacture and for other purposes. The method of obtaining 
such solution is illustrated by the details of a patent specification 
claimed by T. Mackenzie.® 

Twenty lb. shellac are boiled with 4 lb. sodium carbonate or 
borax, with or without the addition of rosin, linseed oil, or other 
gums or oils. A solution of 6 lb. of common salt is added, and then 

3 lb. more borax or sodium carbonate are added and the boiling 
continued for two hours. The solution is "educed to the required 
consistency by the addition of cold water. 

Imported shellac contains more or less wax which must be 
removed before coloured lacquers (jw be prepared. A. simple 
method is to heat shellac and Wax (10 : 3) with water so that the 
solution Van be easily filtered through^dinen. On cooling, the 
impurities kettle out and on the surface floats the wax together 
with any undissolved shellac The wax is removed, purified by 
digestion with a boiling soda solution, and is used in polishes and 
wood stains, etc. The shellac is precipitated - from the aqueous 
solution by treatment with an acid. « 

Bllached SheHac. —To bleach shellac, it is dissolved in soda 
and. treated 'with a' hypochlerite solutidh prepares! from bleaching 



■powder and soda, until the desired bleaching is obtained. The 
solution is treated with aci^, filtered immediately, washed with 
water melted un^er hot water, kneaded into plaits, and finally 
dried. By long standing in air shellac loses its solubility in spirit 
ani in borax solution, but not its solubility in soda to the same 
degree. It can bt* dissolved in soda, precipitated, and washed, 
when it will be found to have recovered its solubility, but more 
borax would be required to dissolve it.’ 

^ The loss in weight on bleaching is about 4 per cent; the product 
IS white and rather brittle. Bleached shellac gradually deteriorates 
fti air and in light, becoming insoluble in alcohol and alkalies. 
If a apiAt solution of shellac be turbid, it can be clarified by shaking 
with a few drops of a solution of hypochlorite, if the turbidity 
be due to the solvent spirit; whereas if water be the cause, a few 
grains of solid alkali will be sufficient to clarify the liquid. Mechanical 
impurities can be removed by filtration through kieselguhr. 

Water solutions of shellac are employed in the manufacture 
of various water-resisting prej>arations. For example, inks (black 
or coloured) become fast to water only sn t^ie addition of shellac. 
Both.bleached and unbleached shellac are used in borax solution, 
but not in soda solution. 

Shellac Varnish.—The British Standard Specification for Air¬ 
craft Material for a shellac varnish ’ requires that the varnish shall 
consist essentially of a solution of unadulterated unbleached shellac 
in industrial spirit and shall contain no added dye. It shall be 
of such consistency that it will work well under the brush. The 
film produced by application of the varnish to a glass plate and 
allowed to dry in a nearly vertical position for four hours at 70° F. 
(21° C.) shall be bright and free from tackiness. The content of 
dissolved shellac shall not be less than 25 per cent by weight, when 
determined by evaporation to dryness on a water bath of a weighed 
quantity of the clear liquid obtained after the varnish has been 
allowed to stand for eighteen hours at a temperature of 26° C. 
(77° F.). Not more tha.n the usual light flocculent precipitate 
shall separate out when the varnish is kept in a warm place as 
described above. The iodine value of the solid residue obtained, 
above shall not exceed 32 per cent when determined by the method 
described in Appendix 1, • 

The residue from the evaporation test sh^ll give no reaction 
for rosin when tested by the Liebermann-Storch test. The solid 
residue previously mention^ obtained by evaporation of the 
shellac solution shall 8ontain not more than 10 per»oent by weight 
.of material soluble in beAzenc, the estimation being cartied out 
as described ia Appendix 2. sThe amount of ash shairdot exceed 
0 -S per cent by weight. » 

Appendix f. Method of BeterminaMon of the Iodine Value' 
6f the Residue. —0-1*5 to 0-2 gram of the solid residue shall be 
placed in a 300 c.o. weN-stoppered flask and shall be dissolved by 
warming with 20 c.c. of per cent glAcial acetic acid 
(m.p. 14-8° C*)* A slight rSsidne of wax may & ignored. When 

• * WT '■ 
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dissolution is apparently complete, 10 c.c. of pure chloroform shall 
be added and the mixture cooled to 70“ F. (21 ° C.). 25 c.c. of Wijs’ 
iodine monochloride solution shall he added and the flask shall 
be left in the dark for one hour at 70° F. (21° C.). 20 c.c. of a 10 per 
cent solution of potassium iodide shall be added and the excess 
of iodine titrated wth N/10 sodium thiosulphate. A blank experi¬ 
ment shall be carried out with all the reagents in the same manner 
and the percentage of iodine absorbed calculated. When rosin 
or other resins are suspected the quantity of solid ustid in the test 
should be kept near to 015 gram. 

Appendix 2. Method, of Ihtermination of NolnbiUU/ in Benzene. 
—About 1 gram of the solid residue abov'e mentioned is ])owdered 
and added to 100 c.c. of crystallisable benzene. The mixture is 
heated to about 15S" P. (70° tl.) for one hour with frequent shaking, 
after which it is cooled in water at a tem})erature of alunit 44" F. 
(7° C.) for two hours. The clear la-nzene is decanted, and the residue 
washed twice with benzene, dried, and weighed. 

The above evidently refers to a high-quality shellac varnish. 

Copal Spirit Varnisl’es.-^The softer the copal tin; more readily 
does it dissolve in methylated spirit. Manila and Jiorneo copals 
yield pale solutions which clarify quickly. The degree of solubility 
of samples of manila varies, and many leave a .stiingr^ residue. 
The addition of Venice turpentine, gum thus, or elcmi gives elasticity 
to the film. It is wise to dissolve the oleoresin in the spirit and 
to use that solution to dissolve the copal. The solubility of the 
harder varieties of copal may be imyiroved by previous fusing, 
but this causes a darkening of the resin. 'I’he fused copals are soluble 
in turjrentine. Other solvents may be used with methj'lated 
spirit, e,.g. acetone and oil of lavender, but it must bo remembered 
that the less volatile solvent ought to be as good as or a better 
solvent than methylated spirit, otherwise defects will be observed 
when the film dries. The addition of ca.stor oil or linseed oil acids 
improves the elasticity ; moreover, linseed oil acids are good 
solvents for fused and unfused copal. Terpineol has btsin suggested 
as a solvent for the harder varieties of copal, the solution being sub¬ 
sequently diluted with tulpentine or methylated sjurit, but terpineol 
dries very slowly and the amount used must be limited. Sandarach, 
fiiastic, and rosin are blended with manila in many varieties of 
copal spirit varnishqs. Examples of a few varieties of copal spirit 
varnishes Are given below ; 

While Label Varnish .—20 lb. Majaila copal, 10 lb. ro^in, 20 lb. 
methylated spitft. The mixture is heated on the water bath to 
dissolve'tipi,resin. « 0 

Pale Spirit Varnish for Wo»d .—Spirit copal 75 Ib./hnastic 13 lb., 
Venice turps 6 lb., camphor a. trace, methylated spirit 100 lb. 

■Black Copdl Spirit Varnish for L.eafW.—Manila 30 lb., san¬ 
darach 19 lb., Venice turps 5 lb., castor oil 5 !b;, alcoholic solution 
of i^osine 6 lb., methylated spirit 150 lb. ‘ 

. A fused-copa'i. spirit vamisn is used by bookbinders, whi&t a 
^-copal spirit tarnish is^employed b mteriof deooeative ‘work. 
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Seed lac and rosin are blended with a spirit copal, as instanced 
by the following formula : Spirit copal 60 lb., seed lac 36 lb., 
rosin 25 lb., methylated spirit 400 lb. 

Dammar Spirit Varnishes.—These have not the defect of Manila 
spirit varnishes, in that the films cannot be peeled off from the sur¬ 
face before they are quite dry. Their colour and lustre cause them 
to be preferred to copal spirit varnishes, but they are less durable, 
slightly tacky, and are apt to dry superficially, so that the surface 
shows many wrinkles and furrows on weathering. Dammar 
varnishes arc essentially for indoor work. The surface is somewhat 
friable, so that if the varnish coat is rubbed with the finger it 
becomes powdqry. Turpentine is the usual solvent for dammar, 
and dissolves it completely at the ordinary temperature. Venice 
turjjentine may be added to imijart greater body and elasticity. 
About 6 or 7 lb. dammar require one gallon of turj)entine, but the 
proportions vary with the sources of the dammar. Batavian 
dammar dissolves letter than the Singaimre variety. When 
dissolved in benzene, dammar gives a clear solution and a quicker 
drying varnish than when turpentine* is nsed. The solution in 
turjjentine is more or less milky, owing to incomplete solution, 
and on standing a soft white dcjxisit sejjarates. A good negative 
varnish for jiroofs on pajxjr may be obtained by dissolving H parts 
dammar in 90 jjarts benzene and 10 jiarts methylated spirit. A 
crystal varnish for jjajjer is prepared by dissolving dammar in its 
own weight of turjjentine and thinning the solution to the desired 
comsistency by the addition of nujre turjx;ntine. It is also used 
in making varnishes for coach- and cabinetmakers and for pictures. 
Its preference lies in the jjaleness of its solutions compared with 
thcjse of copal, but if heat be used in the manufacture the varnishes 
will be c(jlourcd. Dammar varnishes may be used for interior 
decoration and for objects that are not much handled. The draw¬ 
back to crystal varnish is the alight stickiness of its surface. The 
additicjn <jf rosin gives an inferior variety of crystal varnish. The 
use (jf black dammar (p. 126) is small, but occasionally it is used 
to darken copal oil varnishes when required. 

Mastic Varnishes.—Mastic varnishes'are highly esteemed for 
oil paintings, water-colour jjictures, and as a paper varnish, but 
the comparatively high, price of the resin makes them expensive. 
Alcohol dissolves 90 j)er cent of mastic, but tjje addition of a small 
quantity of turpentine wilf clarify the solution. One* pound of 
mastic dissolves in IJ lb. taimentine at the ordinary temperature. 
Other resins, e.g. sanuarach, dammar, and rosin, We often blended 
with mastic. • ^ • ,, 

Fine MaMic .—Mastic 304b., rosi*‘W.W. 20 lb., dammar 30 lb., 
turpentine 10 galls. • 

Finest Mamie 'famish .—Mastic 6 11:^ turpentine 1 gall. 

Common Maslvf Varniah .—^Mastic 10 lb., rosin W.W. 35 lb., 
dammar 20 lb., turpentine 10 galls. 

Mastic varnishes are used for foys and tnrnefl articles and for 
cardboard. , If tfab turpenflne solution be’ mixed with linseed oil 
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it yields “ megilp,” which owing to its ease of working is often 
used as a vehicle by artists in oils, but it possesses several serious 
faults which make its use undesirable. 

It may be noted that when a resin is partially soluble in a liquid, 
complete solution may be obtained by adding another resin eitHbr 
in the dry state or by dissolving it in the same or another solvent 
and then mixing the solutions. Rosin is valuable in this respect, 
and reference to this property has been made under shellac. Venice 
turpentine, Burgundy pitch, and elemi are also useful, besides 
imparting elasticity to the varnish films. Such factors make the 
formul® of spirit varnishes varied and unsystematic. The,special 
requirements have to be satisfied by alteration of the proportions 
of the components, which may vary with the consignments of the 
raw materials, especially as these are bought on the results of the 
rough tests available to the user. 

Sandarach Spirit Varnishes.—Sandarach is used for many 
purposes because of its hardness, and elasticity is imparted to the 
varnish film by the addition of soft spirit-soluble resins; e.g. elemi, 
Venice turpentine, mastic, and copaiba balsam, etc. Brown hard 
and white hard spirit varnishes may be made containing sandarach 
blended with other resins; e.g. white hard spirit varnish: sandarach 
2J lb., gum thus 1 lb., alcohol 1 gall.; or, gum sandarach 2 lb., 
methylated spirit 1 gall., mastic J lb., elemi 4 oz. These varnishes 
dry "to hard lustrous coatings. 

Bookbinders’ varnish, paper varnish, and negative varnish 
may all contain sandarach blended with other resins to give the 
desired hardness and elasticity. A varnish for violins and other 
musical instruments of wood and for inlaid and panel work may be 
made by dissolving 1 lb. sandarach, | lb. mastic, 2 lb. best white 
rosin, 3 lb. gum benzine in one gallon of alcohol. One flowing coat 
is required to produce a mirror-like surface {tnde p. 235). The price 
of the resins will largely decide their amount in' a varnish. 
Generally, spirit varnishes are replaced as much as possible by oil 
varnishes, which are cheaper and more durable, but slower drying. 
For special purposes sandarach varnishes are still required, but 
their use is restricted to inside work. 

Own Benzoin is a subsidiary component of spirit varnishes, 
and is added to confer elasticity on other spirit resins and to 
preserve Surface smoothness of the film. 

Bosin -Spirit Varnishes are rarely used alone, as they give 
films of poor quality. r" , 

Cellulpse Estsr Varnishes.—The development of the industry 
of soluble .cellulose has'mafle great 8tr^de8 in the artificial, silk 
industry, in the widespread pibpularitl^ of the oinem^, and in the 
use of cellulose acetate- and nitrate for aeroplane doMs., 

'Nitrocdlidoee V.amisher. —^The collodion of the British Pharma- 
consists of pyroxylin or cellulose nitrate, C«H,A(OH){NO.),, 
diuDlved m a murturc of three^ parts of etHer and one of alcofioL, 
The -emulspid sc^.ution^is a viscous wlourlesa liquid which oh 
l^poration dries to‘a brittle plm. The film is opaque. 
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owisg to oondenfsed water deposited from the air during the rapid 
»aporation of the volatile solvent, and consequently causing a 
^^ffioient lowerilig of temperature. The brittleness of collodion is 
/modified by the addition of plasticising agents e.g. castor oil and 
Canada balsam in flexible collodion, or collodion flexile, JB.P. 

As in spirit varnishes previously described, the properties are 
capable of adaptation to special requiijiments. The rate of evapora¬ 
tion, inflammability, and tendency to dry to an opaque film, can 
be modified by variation in the nature and proportions of the 
solvents, some of which are true solvents, others non-splvcnts. 
Cellulase trinitrate (gun-cotton) is insoluble in a mixture"of ether ■ 
and alcohol. Lower nitrates of cellulose down to dinitrocellulose 
are also employed as a basis of cellulose nitrate varnishes. 

Zapon is a colourless liquid consisting of a low nitrated cotton 
dissolved in amyl acetate, or a. blend of solvents and non-solvents, 
including amyl alcohol, white spirit, etc. As an adhesive' coating 
it is often blended with shellac. A colourless Zapon solution 
must dry on polished inetal, e.g. brass^ to give a transparent film 
showing no discoloration after several dhys’ application. The 
thin film must be removed with difficulty by the fmger-nail. 

Celluloid Varnishes. —If collodion wool or other^nitrocelluloses 
be mixed with camphor and heated under pressure at 120° C., 
celluloid is formed. Celluloid requires the same solvents as 
collodion, and yields a colourless varnish which may be coloured 
with aniline dyes, like all sjjirit varnishes. The addition of castor 
oil or a suitable vegetable oil renders the coatings more elastic and 
more adherent. They are tougher than collodion -varnishes, and 
may lie applied in thicker coats, e.g. up to { in. thick. The films 
are adherent, lustrous, waterproof, but very inflammable. Pig¬ 
ments and carlion black may be used to give coloured varnishes 
of high lustre {black leather varnishes). 

Dipping Cdltdoid Ziuepaer.—Celluloid 6 lb., amyl acetate 60 lb., 
acetone 4 lb. 

Brushing Cellidnid Z/oegwer.—Celluloid, 9 parts ; amyl acetate, 
45 parts ; acetone, 15 parts ; methylate^} spirit, 31 parts. 

Black Celluloid Varnish. —Celluloid W parts, methylated spirit * 
160 parts, amyl alcohol 200 parts, carbon black 43 parts, nigrosipe 
12-6 parts. * 

Cellulose Acet'Ue Varnishes.—PheeB varnishes have tite distinct¬ 
ive charaoter of possessing relative non-inflammability,* and more¬ 
over, when appliedrto strelfched linen fabrics, have the property 
of very considerably mcr|“,asing thetautue^ of the*latter. .Although 
it was oons^^ered that coqjmercially acceptable cellulose acetate 
should approximate to a triacetate* and be soluble in chloroform, 
Dreyfus has shown that little real Value is attached to the acetic 
acid content of aVelMos® primarj*esterifi«ati<jn, and that the 
properties of the finisjjed product are modifiable in numerous ways ' 
by* manipulative skill in'the acetylation.® . 

It must be understood that the^ quality o* cellulose acetate 
required iif the manufacture of dope‘for tKe coating of aeroplane 
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wings is quite different from that used for the manufacture of 
artificial filaments, photographic films, and celluloid. In general, 
it is a fact that the preparation of cellulose acetate intended for 
films is more exacting than for dope. In the former case tljc 
elements of high viscosity, together with clarity and strength of 
film, are essential features ; whereas, in the preparation of dope 
these properties are of secondary importance compared with those 
of high solubility and the power of inducing tautness in stretched 
linen fabrics. As the viscosity increases, tlu; strength of the film 
and its elasticity show corresponding improvement. If a low 
viscosity acetate is used, the film will be brittle and of low t<muity. 
The qualities of the acetates art', largely inllueneed*’by the condi¬ 
tions of acetylation. The conditions of manufacture of all cellulose 
esters require careful control to jwoduee mixings of constant 
viscosity and flow. For an account of the commercial develop¬ 
ment of the manufacture of cellulose acetate, sec a pajxw by 
E. C. Worden.' 

Such cellulose preparations, nitrate or acetate, may be used 
as the base for metal finishes and, when mixed with aluminium 
or zinc powder, form rapid-drying primers for metal. Mixed with 
pigments they dry to form flat washable surfaces, and may Ixi used 
as substitutes for shellac in some kinds of work. They may be 
applied by means of a spray or brush, and the film will resist baking 
at a'low temiierature. Ctillulose nitrate lacquers can be used as 
primers for certain tyjies of cement floors liefore painting, and 
have the effect of yjreventing waterproofing greases, etc., in the 
cement acting on the enamel applied subsequently. A cellulose 
nitrate coating will prevent a metallic priming coat from acting 
on or being discoloured by a finishing oil-varnish coating. Ollulose 
lacquer films do not pos.sess the durability of those composed of 
an oil varnish.’ 

Aeroplane Dopes.—Aeroplane dopes may be looked on as 
priming coats of soluble cellulose applied on linen for protective 
purposes. They produce increased tautness of the fabric, but the 
finishing coat of an oil vgmish is recommended for waterproofing. 
Protection of the linen from ultra-violet rays is produced by 
inporporating suitable yfigments; e.g. yellow ochre, ultramarine, 
and zinc oxide (11:5:10). Aeroplane dop& may be on a cellulose 
nitrate or^ acetate btfois^ During the'war cellulose acetate was 
preferred tb the nitrate, although som_e maintain that the latter 
gives more satisfactory results in spfl/e of its inflammability. A 
variety of. dope formulas qn a cellulose ace^te basis have been put 
forward. ■ These differ in the proportions of solvents ?nd diluents. 
A &itish cellulose acetate done may contain : cellulose aeetate 
86 lb., triphenyl phosphate 15*lb., benzyl alcohol 2 galls., acetone 
^lls., methyl aeetone galls., ethyl alcohbl H galls., benzol 
MJ'galls. Benzol, ethyl alcohol, and benzyl^ alcohol are diluents, 
and *re mixed with the celluloie acetate' before the addition«of 
the solvents, acet&ie and methyl acetone. ■ The standard French 
aefbplane dope consists of—For. summer use : ceUulSse acetate 



SPIRIT VARNISHES 


296 


80 parts, benzyl alcohol or phenol 40 parts, solvents and diluents 
890 parts ; for winter use the benzyl alcohol or phenol and the 
solvents and dilftents are reduced by 10 parts each respectively. 
Tte^ solvents and diluents consist of methyl acetone, methyl acetate, 
or ethyl formate 410 parts, benzol 250 parts, alcohol 220-230 parts. 
Ethyl acetate, butyl formate, or mcthylethyl ketone may replace 
the solvents to the extent of 33 per cent. The order of mixing 
is essentially the .same as in the British prejiaration. One gallon 
of dope covers 7 yds. of wing surface when apjilied in the form of 
three coats. Excess of benzol (iroduees brittle films, while excess of 
alcohol gives films of low tensile strength.® A dojie formula from 
an American Source is as follows; 7-9 oz. cellulose acetate; 
1 oz. tri])henyl phosphate ; 1 gallon of solvcmts and diluents, 

of which fid i«'r cent is methyl acetate, methyl ketone 10 j)er cent, 
acetone 10 ])er cent, benzol 1.5 )K‘r cent, and diacetone alcohol 
5 ]K!r cent. Small ((uantities of benzyl acetate, la^nzyl alcohol, 
benzyl benzoate, oi' urea are added. These increase the flexibility 
of the film, and are not usually ri^quircd when the dopes arc used 
for othci' pni'po.scs. ' • 

Nitro-<loii(' cov('rings <'ontain es.scntially the same solvents and 
diluents as in the acetate dopes, but with the addition of castor 
oil. The nitrocellulose must be a low nitrated cotton of good 
quality, and must comply with the Abel heat test for stability. 
It must be completely sohible in butyl acetate, and the viscosity 
of a 5 ]M'r cent solution, as mea.snred by the O.stwald viscometer, 
is to Ik‘ between 45 and .50 at 25" t'. (glycerol = 100). 

Typical formula! for nitro-do(X! coverings as ksued by the 
British Engineering Standards Association as British Standard 
Specifications for Aircraft Material are given below (D. 103, 
Nov. 1920): 



- — 

- -- — — 
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-- 


'rruiNpari'iii 



Matt Black 

NU,ro-l)o|)c Cotorhius. 

Covcriiitr. 

V. 

Tovorimi, 

1» V: 10. 

(-'ovorina. 

('overIn?, 

V. Bl. 1. 

Xitroci'llulosii svnip 

2f>0 lb. 

2;i2 lb. 

■2ti0 lb. 

2(i0 lb. 

Butyl or amyl acolatt* 

ISJ gall.,. 

15 galls. 

15 galls. 

15 galls. 

Alcohol . . . 

■22.1 ., 

15 „ 

15 „ 

15 „ • 

Beuzol 

• i2l 

15 .. 

15 

15 „ 

Acot-oiio .... 

• 

29 .. • 

52 11^ 

20 

‘ 20 „ 

CiXHtor <'’l. 

77 lb. 

7.7 lb. . 

31 lb. 

ViKraont . . ^ 

•| 

15(1 

Ill),. 

39 „ 

Total .... 

) 97 galls. 

- •- 

9.5 (plls. 

• 

102 galls. 

• • 

• 9C galls. 


* 
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Protective 

CoverlnK, 

P.O. 12. 

Ahimlnium 

Covering, 

‘ V. H. 

Nitrocellulose syrup . 

Butyl or amyl acetate 

Alcohol. 

Benzol. 

Methyl etliyl ketone - 
Castor oil ... . 

Hgment .... 

200 lb. 

20 galls. 

75 „ 

75 ,. 

20 

425 lb. 

921 „ 

200 Ih. 

20 galls, 

12 „ 

12 „ 

22 „ 

2,') lb. 

150 „ 

Total .... 

97 

c 

loo galls. 


Identification Co^oiras 



KhI. 

v.it. a. 

White. 
V.W. 3. 

Blue. 

V.K. 

Nitrocellulose ayruj) 

200 lb. 

279 lb. 

260 lb. 

Butyl or amyl acetate . 

20 galls. 

20 galls. 

20 galls. 

Alcohol .... 

20 ., 

20 „ 

20 „ 

Benzol .... 

15 ,. 

15 ,. 

15 ,. 

Acetone .... 

15 „ 

15 ,. 

15 „ 

Castor oil 

40 lb. 

50 lb. 

52 lb. 

Pigment .... 

110 

230 „ 

140 „ 

Total .... 

102 galls. 

107 galls. 

106 galls. 


The pigments incorporated in the nitro-dope coverings are as 
follows : In P.C. 10, yellow ochre and carbon black are blended 
to match a standard. Eor the “ Nivo ” covering yellow ochre, 
lithopone and nltramarine blue arc matched to a standard. 
For matt black covering gas-carbon black is used. .For the 
identification colours the red consists of a dye prepared from the 
sodium salt of the product obtained by diazotising 2-naphthylamine 
1-Bulphonic acid and coupling with /O-naphthol, struck on barium 
shlphate. The pigment for the white colour is zinc oxide, whilst 
for the blue a mixture of ultramarine blue and zinc oxide is used. 
For the details of manufketure of the nitro-dope coverings reference 
must be made to the published spesiiication, It is advisable to 
mention that tht nitrocellulose is dissolved in the solvent first and 
the diluenljp .are added l&ter„m contrast uo the order, observed in 
the manufacture of cellulose adetate ddpe. 

For the properties of thete mixings reference sgaip must be 
made to the specifiqS'tion given above. *. 

‘■ The protective powers of cellulose nitrate*, dope are said to 
be greatly improved by the addition of’ 6-7 per cent caaein«OT 
‘‘• treated tung yil, which makes the ^m haTd,^aEd reduces the 
of evaporation. 
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A large number of patents have been issued for improvements 
in the properties of dopes for aeroplanes. A few may be quoted : 

A. J. Barr ahd H. Lazell * claim to prepare a dope which 
tajjtens and is waterproof by adding to a cellulose dope a mixture 
of pigments consisting of yellow ochre, ultramarine, and zinc 
oxide. Reduced visibility, as well as prevention of excessive 
darkening, is obtained by the addition of aluminium powder; 
e.g. 300 galls, cellulose acetate dope, 10 lb. mixed pigments, 6 lb. 
aluminium powder. 

The British Aeroplane Varnish Company claim that the 
additiou of beeswax and paraffin wax, having a total weight equal 
to that of the t;ellulose ester or celluloid of the dope, minimises 
the variability in the tension of the aircraft fabric to which it is 
applied and improves the resistance to water. 

Formerly chlorohydrocarbons, tetrachlorethane, were employed 
among the solvents, but the vapours proved toxic, and in 1916 
their use was prohibited. The British Emaillite Co. and J. N. 
Goldsmith*^ claim to obtain satisfactory results by replacing the 
chlorohydrocarbons by other solvents with the addition of triacetin* 
or acetanilide in the proportion of 6-10 per cent on the weight 
of the cellulose ester used. 

Titanine, Ltd., and Bowles claim that aeroplane dope with 
the addition of boric acid or an equivalent amount of borate to 
give 0-2 per cent free boric acid can be stored in a galvanised iron 
drum for several months with only a negligible change iff viscosity. 

D. H. Sutherland and Wallpajjer Manufacturers, Ltd.,*® claim 
that the use of “ borated ” benzol (boric acid 10 per cent, benzol 
90 per cent), as an addition to varnishes containing acetylcellulose 
or nitrocellulose, permits the use of a larger percentage, of benzol 
without causing precipitation of the cellulose. The addition is 
claimed to replace triphenylphosphate as a fireproofing agent, to 
retard drying, and to reduce the viscosity of the varnish. 

Herzog, Hildesheimer, and Medicus ** give a summary of the 
nature of substances to be added to nitrocellulose solutions to 
produce pliability of the films. , 

The detailed treatment of aeroplane dope shows how the 
properties of cellulose derivatives are influenced in solution by the 
presence of varying solteijts and diluents. The properties of the 
soluble cellulose are also strongly modified ky variations in the 
condition,® of manufacture, as was shown By Dreyfus; A chemical 
analysis of cellulose acetate** no criterion as to its suitability as 
a dope. The statements which have been made inTconneqtion wdth 
aeroplane doje apply alro to the cellules? and celluloid varnishes 
used for other purposes. * * 

Black Lfatlwr Varnishes.—Black ibather varnishes may be made 
on a spirit basis, t^je ingredients consisting of .shellac, sandarach, 
a spirit copal with tu^ntine and Venice turpentine, using lamp- * 
blask as the black pgment. A«black harness, leather varnish 
may be made by, mixing apd heating to boiling 24 parts shellac, 

4 parts sandfiM’^oh, 4 parte elemi, 1^ parts Veifice turps, and 12 parte 
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turpentine. After cooling, 1000 parts of alcohol are added, followed 
by 40 parts lampblack, and the whole is well stirred. Similarly 
a black varnish for belts may be made comprisinff 100 parts shellac, 
20 parts pine resin, 50 parts Venice turps, 40 parts turpentjfie, 
100 parts alcohol, and 40 parts lam])blaek. These, varnishes dry 
in the air and are elastic even when the leather is bimt. 

The use of nitrocellulose solutions for patent and enamelled 
leather has become widespread, and now largely displaces the 
older linseed oil varnishes. It is not advisable nowadays for the 
leather dresser to make his own dojs' finishes, as they require careful 
and speeial prejiaration. Three coats are applied, bottomj«middle, 
and top coats. The first coating is a])plied with afairly stiff brush 
and worked well into the leather. A high temperature is not 
required, OO^’-lOO'’ E. being suitable. The effect of drying at a 
higher temperature is to reduei! the adhesion of the film to the 
leather. The second coat is to build up colour ami to <'orreet 
inequalities of the tii'st <'oating. The \arnish is api)lied with a 
well-soaked swab attached to a suitable handle. The top coat 
is applied in a siinilal manner and spread thinly and evenly, so 
as to leave; no taitkiness, and is dried under the same conditions. 
Embossing and jainting must be done with a sjK'ciai machine. 
For further details reference must be made to text-books on 
practical leather manufacture.^^ 

Specifications for Resins and Shellac for Spirit Varnishes — Under 
Shellac VaTnish ()>. 2K!I) a specification of the Aircraft Section of the 
British Engineering Standards Association has been given in extenso. 
Attemyits have been made to standardi.se a numbt'r of spirit-soluble 
resins for the purposes of purchasing specifications, and it may bo 
advisable to consider them carefully. W. B. Parker states that 
the specifications which have l)een published do not correlate the 
true facts ooneerning these materials wdth business requirements 
and general expiTiencc. Merchants and brokers do not welcome 
the introduction of standards ot such substanee-s as resins. To 
quote from Sir A. Denny’s addres.s published in the Annual 
Rejjort of the British I^gineering Standards Association, 1922 : 
“ Standardisation is reconstruction in the very highest form. It 
^nay not lead directly to making large profits, but it will certainly 
lead to the maintenance of our indu.strieS, lx;cause it will enable 
us to compete with the best that is found abroad ; it will cheapen 
inanufacthre' as well as increase the volume of trade and the 
pro8pt;rity of this country.” Such statement is applicable to 
standardisation'of resins by specification, if it can be shown satis¬ 
factorily that their characteristics ap ilefinitely cqrmected with 
requirements. The difficulty’’in the case of resins is that their 
chemical composition and projierties appear to play a less important 
r6Je than in the oonsider^on of oils and thinijers. The difficulties 
in specifications for gelatine may be recalled, and the same will 
apply to resins. , Parker has enumerated in detail the chemicaliand 
physical charact^istics which he considers aix' of importance. All 
will agree that the acfd value, an/1 to a less degree t^e iodine value, 
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specific gravity, solubility, hardness, colour, ash content, moisturo, 
and boldness of size are characteristics which differentiatf! quality of 
material. Is it always safe to buy on such figures ? Is it always 
cer^in that lustre, hardness, elasticity, and durability of a varnish 
film are fixed by certain numerical values of such characteristios ? 
Many of the resins are fused, and the properties of the “ run ” 
resins depend on works conditions, which are varied. The 
projxirties of the resin films are those of depolymcriscd substances 
which an; incorporated in oil and thinner, and whose degree of 
disjKTsion is dej)endent on works conditions. Each factory has 
its own i«o(le of {(‘.sting ac^ording to its requirements, and a standard 
specification for'copals must Ih* accepted with re.serve. It has 
been pointed out that the loss in weight of running of a copal has 
no conma-tion with the acid or iodine value. Neverthele.ss, in 
spirit varnishes there is scope for standardisation of the resin com¬ 
ponents, but much more investigation is required before moat 
spirit resins can l)e .satisfactorily dealt with. Parker gives 
detailed s])eeifications for. the varieties of lac (shellac, button lac, 
garnet lae), dammar, kauri, and manila, ami for the details the 
reader must be referred to the original pajx-r. The whole subject 
is on(! which woidd conu' within the sphere of work of a Re.search 
Association, which is so much wanted in the ])aint and varnish 
industry, if real progress is to be gained. It is not so much a 
pojnilarity of the methods which are already known which is 
required, but a fuller knowledge of the principles on which the 
methods are bas(*d. 

The Analysis of Spirit Varnishes.—The scheme of analysis is 
divided into two sections: (1) The separation and ('stimation of 
the .solvent; and (2) the examination of the residue^after the 
removal of the solvent. 

The Heparation arul Estimation of the Solvent. —If the solvent 
be alcohol, distillation and examination of the distillate is carried 
out by the usual metherd, and the distillate may be fractionated. 
If the. removal of the sohent l)c earri((d out in a current of steam, 
the volatile solvent insoluble in water wilUseparate and the water- 
soluble com)»onents must be examined separately. For details of 
the detection and estimation of methyl alcohol, ethyl alcohol, arayf 
alcohol, amyl acetate, ac'iUme, ether, benzol, chlorohydrocarbons, 
etc., reference must be made t« Allen’s OommercM Organic Analysis, 
as well as for I he anilinq colojrrs in coloure(f spirit vaniislfes, which 
have replaced the vegetable <fyos formerly used, Iwcause of their 
greater variety, cheapncss|and general stalulity to fight and heat. 

The Examination of we, Residnp —The examinatton of the 
residue, if an oil be present, is the ^me as in the case of an oil 
varnish involvii^ separation of oil and resin. If oil be absent, the 
resins can be deteetjd by special tests, i^ich hawe been dealt with 
under the heading of Rqpins. It has been pointed out that a scheme 
for the general estimadofi of resinsdn a mixture is very imperfect 
and generally unsatisfactorja , * 

H. Rebs*^’ dias put forward a scheme for the detection and 
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separation of the commoner resins. Concentrated acetic acid 
will dissolve lac, rosin, an oleoresin of turpentine and accroides 
resin. Very dilute ammonium chloride will dissolve lac, while 
manila, sandarach, rosin, and accroides are insoluble, ^iv^ino 
(light petroleum) will dissolve rosin or an oleoresin, but manila, 
sandarach, lac, and accroides are insoluble in that solvent. In 
order to separate the different resins qualitatively and quanti¬ 
tatively in a spirit varnish, the solvent is distilled o£E, the residue 
is finely powdered and warmed on the water bath with the 
solvents mentioned above. If lac and rosin be present, the lac 
will dissolve in very dilute ammonium chloride. Lao* may be 
separated from manila or sandarach, and likewise ffom rosin, but the 
separation of sandarach from manila copal is very doubtful. The 
estimation of dammar admixed with spirit copal or kauri by means 
of alcohol and chloroform has bc-en put forward by Stewart.'* 
The resin is boiled with alcohol, which dissolves the spirit copal and 
part of the dammar. The residue is extracted with chloroform in 
a Soxhlet, whereby the remainder of the dammar is dissolved. 
The amount of the chloroform-soluble extract is a measure of the 
percentage of dammar. The insolubility of a genuine sample of the 
particular variety of dammar must be known. ' 

It is evident that the methods of separation of the individual 
resins in a mixture are by no means satisfactory, and there is need 
for much investigation in that field.** At present the works tests 
are essentially the most reliable. Elasticity, lustre, hardness, 
uniformity of film, and, in the case of coloured spirit varnishes, 
stability to heat and light, are compared against special require¬ 
ments. On metals the varnish film must be clean and the coating 
must not have an acidity likely to set up chemical interaction with 
the metals. Determination of acidity, behaviour on drying, flow, 
colour, and specific gravity are compared with corresponding values 
of the standard sample. 

If the spirit varnish contain nitrocellulose, celluloid, or cellulose 
acetate, the residue after the removal of the solvents must be 
examined by special tepts. Treatment with a dilute solution of 
diphenylamine in concentrated sulphuric acid will give a blue 
coloration in the presence of nitrocellulose. Nitrocellulose may 
'be estimated in the residue by measuring the volume of nitric oxide 
evolved by the actiion of ferrous chloride and hydrochloric acid 
at 100° 0., Whereby the nitro-group of the nitrocellulose is reduced 
to nitric oxide. »' » 

camphbr, j»>hich can be removed by qthjr or by met^iyl alcohol, in 
which the nitrocellulose is insoluble. 

. Eor the detection of c^lulose acetate, gentlo heating with 
cphcentrated sulphuric afiid and a little al(^hol will give amyl 
acetate. ^ 

'For the ideq,tiflcation of the cellulose component the ori^nal 
Residue may be toiled with hydrochloric acid (s.g 1-10). neutralised, 
i^d tested for the su|ars with Eehling’s solution, Jhe cellulose in 
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nitrocellulose and celluloid can likewise be detected by the 
duction of reducing sugars on hydrolysis. 
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CHAPTER XVI 


INSULATIN(J VARNISH KS 


Varnishes arc valuable insulating materials, owing to the high 
dielectric constants of resins, vegetable oils, and pitches. The 
following table gives the specitic inductive capacity of a number of 
insulating materials : 


Asphaltum . 
Glass, Crown 
,, Flint . 
Paraffin 
Kosin . 
Shellac . 
Porcelain 
l^aj)©r . 
Mica 
Sulphur 
Castor oil 
Turpentine . 
Petroleum . 
Bakelito 




2-08 
.5-7 
7 K) 

2 _2'3 

l'8-2-0 

3 -3-7 
4'4-()'8 
2 — 2-.5 
fi-7-7 
3(i-4-3 
4'(i-4-8 
2'2-2-3 
2MI-2-2 
,')-7-«'8 


(Piraiii). 


1 Kaye and Laby 

j (Phynical and Chemical Constants). 


(Elect, Teat. Laboratories, N.Y.). 


The solution of gum and oil in .suitable thinners is allowed to 
impregnate other insulating materials and, after volatilisation of 
the solvent, a film of non-condueting material is left with good 
moisture-resisting projterties. The moisture-resisting properties of 
a varnish deserve careful consideration. Those engaged in the con¬ 
struction of electric machinery know the gi’eat hygroscopic power of 
most of the principal materials employed, cotton, pajxir, etc. They 
know also that moisture is the most dangerous factor to be con- 
sidelfed in problems of insulation. If the film bo sufficiently elastic 
to bear strain, undei® rife of temperatflre without becoming brittle 
or fusing,' the surface coating will renjain intact for a I^ng period. 
Another factor of importance is the penetrating power of the 
varnish kito cot’lon or paper, whereby tip dried material becomes 
cemented bjr the impregnatk^g substance. It is neotssary to dry. 
carefully cotton and paper ^.used in windings or as insulators, 
previous to the application of the varnish coating. • ' 

The functions rf insulating varnishes are ; " 

(1) To provide a waterproof coating with sufficient elasticity to 
.wiflistand the movement between parts produced either by rota¬ 
tion or bjf magnetic or electyic forces. ■ 
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(2) To increase the insulating properties of the impregnated 
material. 

(3) To protect the parts from the action of oils and acids. 

(4) To prevent excessive rise in temperature through their 
relatively high thermal conductivity. 

Cl^siflcation of Insulating Varnishes.—The description of in¬ 
sulating vamishe.s has not received proper attention in many 
English varnish text-books, although some varnish firms issue 
pamphlets describing the projx'rties and uses of their preparations. 
It is generally left to the electrical engineer to put forward his 
re()uirements and to .state the conditions under which the materials 
are used. A short desctiptioii of insulating varnishes is given in 
Morrell and de’Waele’s Rubber, Resins, Paints, and Varnishes 
(1021), which is bas<>d largc'ly on Fleming and Johnson’s Insvlation 
and Desii/ns of Electrical Windhujs (1013). A more recent publica¬ 
tion is Les Vernis isolants en eleetrotechniqiic (A. R. Matthis, 1921), 
which gives full d(‘tails as to their eomimsition, ju'operties, and 
inodes of apfilieation. An attempt will lie made to indicate the 
classes of varnishes suitable for differejit systems of insulation, 
without going into details of their eompositifin. To the electrician 
a breakdown due to defective insulation is costly, and leakage oi 
current makes economical and safe working imjiossible. The 
varnish which will suftiei^ for all purjroses does not exist, and the 
only way is to manufacture a series of jiroduets, each specially 
designed to meet requirements. 

Fleming and .Johnson * classify insulating varnishes as follows : 

(I) Varnishes for impregnating windings; (2) varnishes for 
treating paiier and fabrics : (3) cementing varnishes ; (4) finishing 
varnishes. 

Varnishes for Impregnating Windings.—These varnishes arc used 
to fill the coverings of windings, thereby increasing their insulating 
value and rendering them moisture-resisting. They are required to 
withstand the action of hot mineral oil, which is essential in the 
case of oil immeised windings. The varnish films should be 
sulficiently flexible to withstand mechanical stress and also the 
expansion or contraction of the w'indii'gs, and to retain their 
flexibility for a long period. There must be no corrosive action on 
the copper conductor or destruction of the fibrous insulation cover,- 
ings by any comjioneut hf.the varnish. They should be free from 
organic' acids which tend tif become activy during the process of 
oxidation of die varnish, especially on stoving. The sfirfifee acidity 
of the film, which is ifresult of the drying process, must be reduced 
to a minimum, and the aierfect smoothngss of the film .must be 
maintained s* as to .avoid ijmde.nsation of water. Th» corrosive 
action of the varnish on copper is noj serious, except in the case of 
fine windings, 0*02 in. diameter and smaller, but it is advisable to test 
the varnish toforehSnd by covering a pfcte of oopj»r with a linen 
band, impregnating it igith the varnish, and allowing it to dry. After 
thrie days’ exposure w tlie air the»copper and the linen ought not 
to have aoqjiired a green calour. Anj; corrosive Vtion appears to 
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cease when the vamish becomes dry, since the green discoloration 
often noticed on cotton-covered windings, impregnated with resin- 
linseed-oil varnishes, especially those containing turpentine, occurs 
only during the drying process. When once the varnishes have 
hardened, no further action is observed, provided that the cotton 
has been properly dried previous to insulation. , 

The conditions governing the production of chemical action in 
high-voltage windings are given by Fleming and Johnson,® and may 
be summarised as follows : Chemical action occurs only where air 
pockets are present, due to lack of care in construction of the wind¬ 
ings, and then only when the voltage across them is high enough to 
produce discharge. The action of the products of an* air-gap 
discharge is one of oxidation, and the effect produced on oils and 
gums is to yield organic acids, whereas asphaltums are attacked 
only to a limited extent and paraffin wax remains unchanged. 
The organic acids act strongly, disintegrating on the varnish 
material. The production of nitric acid is not essential for deteriora¬ 
tion of insulation, although when it is produced the action is 
I greatly accelerated. For the range of voltages in use and with any 
of the methods of winding and insulating commonly employed, 
failure of machines from chemical action is not to be expected, 
when the average stre.ss across slot insulation is less than 35 volts 
per mil. Generally, the electric 8tres.ses are really very low, and 
in held coils are much lower than the above figure. A much higher 
average stress than 35 volts per mil. of slot insulation is safe when 
the size and number of the conductors permit the best method of 
grouping and insulating to be employed, and when special pre¬ 
cautions are observed as to the kind of materials used and the proper 
filling of the interstices. The green discoloration which frequently 
occurs on coils of any voltage treated with resin-linseed-oil varnishes 
should not be confused with the chemical action due to the products 
of the air-gap discharge, which takes place in high voltage windings 
only. Such discoloration is quite harmless with the best makes 
of varnishes. 

Experience has shown that the organic acids are not the main 
cause of insulation failures. 

Matthis ® considers the presence of rubber or vulcanised rubber 
to be no advantage and the latter a real disadvantage. It would' 
appdar that the breakdown voltages of rubber films obtain^ from 
.solutions of ^bber i& solvents are low compared with oil vamish 
films. A certain amount of metallic drier is allowed iq; air-drying 
coatings, and of .manganese and cobsdt in stcving varnishes. The 
oxidation of a vamish continues slowly e^mn after it is apparently 
dry, so that* the elasticity wllj slowly decrease, and eare must 
taken that the amount of drier present is not excessive. An air* 
drying oil vamish ought -to be hard in ten to fifteen hours, and a 
Stoving varnish in twdve to'lfifteen hours, at a temperature of 100° 0., 
bqj; much depends on works conditions. Kteh varnishes containing 
liiiBeed oil have a-more permanent flexibility, but are less resistot 
to minertd oil. ^in .dissolyed in spirit or m a suitable pelxolsun 
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thinner separatee out on the expulsion of the solvent, but the films 
lack the flexibility of linseed oil varnishes. Shellacs varnishes are 
more suitable for insulation of low voltage windings, such as in¬ 
strument coils, where the temperature variation is small and no 
mSohanical stresses have to be* considered. The coatings are brittle, 
and although shellac dries quickly it does not withstand the action 
of moist air. 

The so-called heat-radiating varnishes are comparatively pcx>r 
insulators, due to the amount of mineral matter employed in their 
manufacture, and more satisfactory results are obtained by filling 
the interstices in the windings with solid compounds. The formula) 
given below may be considered as tyjjical of oil and pitch insulating 
varnishes: 


Stoving Insiitattng Varnifih. 


30U parts stAiHl oil 
300 Chhw wood oil 
135 „ hardened rosin 

manganese dtoxhU- 
600 „ light petroh'UTii 


Striving Blaek Insulating 
Varnish. 


:{(«> ]»arts thick lliusced nil 
l(H> „ sVKphaitum 
7 sulphur • 

‘1 „ litharge 
i fuangunese dioxide 

loo turps 

400 „ ligtit pctroiciiin 


Impregnating Compound. 


ioo parts asplialt. 

200 „ crude Ozokerite. 
70 „ roaiu. 


(Seel^inan and Zlekc.) 


The varnishes must be clear, neutral, or only slightly acid, and 
chemically stable to withstand temperatures even up to 200° C.; 
they must be unattacked by lubricating oils, resist the action of 
ozone and salt watc'r, and bo unacted on by acid vapours such as 
may be evolved from aecuimdators. 

The Sterling Varnish Co. recommend the following general tests 
for visoosity, elasticity, adhesion, penetration, behaviour at high 
• temperatures, heat conductivity, chemical resistance, dielectric 
rigidity, resistance to water, alkalies, acids, and mineral oils. A few 
of these requirements may be treated in detail. 

Elasticity .—^Tho degree will depend on the requirements, but 
for impregnating purposes it must be high, and the brittleness test 
already described (p. 233) will apply. ‘Instead of sheet metal, 
either linen or paper may be used by bending the coating over a 
' piece of wood of known thickness or a metal wire of known ra^iuS. 
A layer of thick varnish ‘s^ow.^ less elasticity than one which is 
thinner, but this depends on the varnish »ander exainination. A’ 
film of au Sastic varmsh on Bjetal is less dependent of the thickness 
of the layer {p. 26.5). e 

Pendraiim .—A bettej penetrationffiv* better insujat&ig power 
and depends* on the consisfency. ’ The density is relaW to the 
penetrating power, because it is often un indication of the dilution by 
thinners. ui all iqjpregnation scheme^it is advisable to provide 
for an outlet of th^imprisoned air in the windings, as well as for 
suitable passages for The ingress gf the insulating material. The 
degree of penetration may be arrived at by obsqfving the number 
of layers of•oottofl-covered wire impregnated by the material after 
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a period of immersion at a fixed temperature. Another method is 
to ob-serve the number of sheets of blotting-pa|ier, built up into a 
pile of known thickness, through which the vurnieh will penetrate. 

Heat Gondmlivily — Thm. is a dilferenoe of 25 ])cr cent in the 
tem]K!ratures of an unvarnished and varnishe<l eotton-covereduliro 
on the passage of an electric current, so that it is advisable tr. have 
as insulating material a good conductor of heat. The heat effect 
may be companid by measuring tbe r(«i.stance of the insulated and 
non-in.sulated coils during tlu' pa.s.sage of the current or the differ¬ 
ence of potential between the extremities. 

Breakdown VoUaye. Test.— Tho testing as carried out by the 
National Phy.sical Laboratory is on the lines of ie'pregnating coils 
of double cotton-covered wire and submitting odjaeent layers of 
the coils to an increasing alternating voltage until the breakdown 
occurs. The pressure is apjdied to the coils in ste])s of 100 volts 
for jjeriods of one minute, starting at 500 volts. The varnish 
coating would have been previously stoved at 155" F., 23 in. vacuum, 
or 240° F. at ordinary pressure. 

® The coils used are 'made up with No. 20 double cotton-covered 
wire, the winding and number of turns Ix'ing identical in all the 
coils. They consist of four layers of winding, each aj)proximately 
2 in. wide and 4 in. in diameter, w ound in close contact on a former 
and bound together with silk tai)e in the usual w'ay. The coils are 
dried in a vacuum before impreghation with the varnish. The 
results of the te.sts on the dry coils are, scheduled in the follow'ing 
table : 


Varnish. 

Mothofl of 
Stos’ing. 

BrcakdoHTi 

Voltages. 

Time of Witli- 
stunding Break¬ 
down VoUage. 

Mean 

Bieakdown 

Voltnge. 

1 . . . 

155° F. 

1300 

Uncertain 

1330 


(Vacuum) 

13(H) 





1400 



8 . . . 


1200 


1270 



1300 





1300 



1 . . . 

240° F. 

1400 

10 seconds 



(Atmospheric 




f 

pressure) 

1400 

f 0 „ 

1400 



1400 

T) 


8 ■ • , 

>• 0 

1200 ‘ 

0 „ 


' 


1300 

.0 

_ L __ 

. 1270 


Another method of n^'asuring breakdopn voltage is by impregna¬ 
tion of cotton or paper by the r'amish «ad subjecting ilf'to an electric 
tension between two electrodes until a breakdown occurs. The 
voltage is gradually raifxyl in successive stages of lOU volts per 
minute.. The thickness of the layer is taken,4nd if the thickness 
ofjiie cotton or paper is known, the thickness of the varnish films 
can be obtained^ The breakdown voltage is stated for 1 fhm. 
•thickneBs' of film. (The following thble gives thej breakdown 
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voltage of a number of varnishes applied on cotton. The weight 
of the varnish is known, and the thickness is that of the impregnated 
cotton. The density or the amount of varnish per cubic mm. is a 
measure of the actual protecting thickness of the tilm. The ]ier- 
ce^tage of absdrbed moisture was obtained by hanging the strips 
in a damp attuosphere. for one hundred and sixty-eight hours. 


On Linen Cotton. 

• 

• 

Wcittlit, 

Krains. 

Thifk- 

IK'SS, 

ram. 

Density, 

merm-s. 

IKT 

c.mm. 

lireakfiriwn 

VoltaRe. 

lirCHk- 

ilriwn 
Vf.ILise 
per mm. 

IVr cent 
Water 
Absorj)- 
tiou 

(1(58 hrs.). 

Ulaok oil vanilsh for 







f'oils 

(*.•8072 

o-;m8 

0-57-28 

1000 

2,005 

2-5 

Clear varnish . 

7-9:108 


0-7532 

3800 

11,400 

7-2.5 

Ooar varinsh . 

(.■29<>() 

0-3lU(} 

0-7070 

3983 

12,G0(» 

«1.5 

Black finisliing var¬ 
nish 

7 0500 

0-:i82 

0-5907 

78:i 

2,049 

1-8 

Cotton 



• • 

200 

(fliidried) 


15-0 


The pressure test affords no real criterion as to the .safety of 
windings against chemical action, since the stress at which the latter 
takes )ilace is usually far below that at which disruption of the 
insulation occurs. 

Itesistance to IFaier.—The varnished windings are kept in steam 
for twenty-four hours or in a moisturc-satm'ated atmosphere for a 
period of days and then tested for breakdown voltage, which ought 
to be unchanged. 

The Action of Acids. —Immersion in 10 jicr cent nitric, acid or 
iO per cent sulphuric acid must show no change in the appearance 
of the coating. 

The Action of Ozone. —This test is of importance as affecting 
the chemical stability of the material. It may be carried out by 
subjecting the films to a voltage, 75 per, cent of the breakdown 
value of the film, applied for six hours so that the ozone produced 
may act on the varnish. At the exjiiration of that period the coat¬ 
ing must be unchanged. • , • 

The Action of lyubrieatinf Oil. —The insulitted material is sub-»^ 
jected to th(' action of lubricating oil for twelve hour? af 150° C., 
and any alteration in tte appearance or softeninff of the film is 
noted. 11 is advisable to carry out a blank test witfi the lubricating 
oil heated unjer the samif conditions, #o as to observe nay change 
in the appearance of the oil due to*action of the varnish on it. 
Some anthoritios recommend immersfon in mineral oil (s.g. 0'89) 
at 100° C. for one hppdred hours. • • 

The American requirements for insulating varnishes may be 
sumjaarised as follows Insulatingsvarnishes may also be clasfed 
as baking oil, air-frying oil, and air-drj’ing spirit varnishes. For 
coils of armhtqres or rotating paiit^ the varnish films must have 
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high dielectric strength and be impermeable to moisture. For 
stationary parts careful selection is not so vital, though dielectric 
strength must be high. The suitability of a varhish for insulating 
purposes is determined by its dielectric strength, an ageing test, ^nd 
a test on coils ; the latter comprises time of dryiAg, measurement 
of insulation, resistance between parallel conductors Under \%riou8 
conditions, the penetration and internal drying properties, and the 
tendency to discolour when the coils are subjected to heat and 
moisture. The dielectric strength is determined by dipping a strip 
of paper, 0-025 mm. thick, in the varnish to be tested and deter¬ 
mining the breakdown voltage of the varnish film. Thetpaper is 
given two dips and is drained in the opposite direction between 
dips. In the case of a baking varnish the paper is baked between 
the dips in an electric oven. For an ageing test a piece of the 
varnished pajxjr is kept at 80° C. until it will break when bent 
double, and the time of heating required is noted.* 

Solid Impregnating Compounds.—Solid impregnating compounds 
an an asphaltum basis have betm preferred for field coils and 
stationary windings. "The impregnation is complete in one opera¬ 
tion, the coatings are more chemically inert, are better fillers, and 
more resistant to moisture. The temperature of impregnation is 
higher for a “ compound ” than for a varnish; in fact, it must 
be as high as possible, whereas with varnishes it is as low as possible. 
There is a difficulty in the selection of an asphaltum which will 
impregnate the windings at suitable temperatures and will not 
coze out during use. The oxidation and polymerisation of a 
varnish will give an elastic coating sufficiently hard, and will not 
soften under the influence of heat, but it is difficult to remove 
sompletely the whole of the volatile thinners from the interior of 
the coil unless precautions are taken to provide suitable outlet 
passages. The impregnating compounds require no thinners and 
solidify on coohng, rendering the enclosed parts insensible to 
vibration. If a machine be overloaded, the impregnating com¬ 
pounds will, unlike varnishes, soften and melt; and if the parts 
revolve, centrifugal forpe may cause exposure of parts requiring 
protection. Generally the asphaltums used soften at 105°-116° C, 
Mid do not become appreciably fluid below 150° C. They consist 
cf tasphalt, pitch, rosin and copal, run together until water has 
been expelled. Inc order to make. them mineral-oil resistant a 
certain a'mo'unt of sulpiiur is mixed in. 

‘If the impregnation temperature^ be tbor high (abflve 176° C.) 
there is^dangei* of carbonising the cotton covering. Impregnating 
compounds are not much employed^ in Hransformerework. Theii 
resistance to lubricating oil iS inferior to that of oil varnishes, and 
it is doubtful whether therK is an oil-resisting compound on the 
tiiarket. In the .examihstion of samples it it; advisable to seleof 
sne from the middle of a cask. The fusion temperature may k 
tSlen as that qt which the irst drop fal& from the bulb of tbe 
thermometer to- which a piece of a softene4 sample has -ieeii 
attached. The penelratioh power may be arrived.At'by the smm 
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method as described under Varnishes. The hardness may be 
measured by observing the depth of penetration of a needle (1 sq. 
mm. section) under a known weight during a given time and at 
a fixed temperature. The viscosity can be determined by any 
toAion viscometer (Doolittle or MacMichael). 

The thermal conductivity of “ compounds ” is greater than that 
of varnishes, and the temperature in the windings will be lower 
in coils impregnated with compounds. The resistance to water 
and acids can be carried out as described under Impregnating 
Varnishes. 

It must be left to the electrician to decide whether he will use 
an impregnating compound or a varnish, as much depends on the 
construction of the machine. The mode of testing will be prompted 
largely by technical requirements, and the engineer will use the 
methods that he finds most suitable for the conditions to which 
the machine has to be subjected. 

Methods of Application of Insulating Varnishes.—The thickness 
of the varnish required for impregnation varies with the parts of 
the machine to be insulated, and the diktiqp by means of thiimen^ 
will vary mth the number of layers, dimensions, etc., of nire in 
the coils. Varnishes possessing the same density need not possess 
the same consistency, and the visco.sity value is of much greater 
importance. The s])ecific gravity variations are of use only when 
dealing with the same varnish. 

The insulating value of a varnish depends on its penetration, 
and also on its viscosity. Too thin a varni.sh gives poor dielectric 
strength, due to lack of body ; too thick a varnish yields poor 
dielectric strength, due to lack of penetration. The dielectric 
strength is greatest for minimum increase of thickness, i.c. when 
the breakdown voltage per unit thickness is the maximum. 

, The complete drying of the parts to be insulated is of the 
highest importance, because of the heat developed by alternating 
electric stresses. If enough water be present to permit of electro¬ 
lytic decomposition, no varnish can withstand it. Insulating 
material consists of fibres in which traces of moisture may Ije 
enclosed. Under alternating electric steains a “ current of dis¬ 
placement ” is developed which generates heat. The increase of 
temperature decreases Jhe dielectric strength of the materials and 
also ruptures the films of insulators applied. Owing to its If^gro- 
scopio nature, cotton holds 6-8 per cent #n(#3ture qpder ordiM^ 
condition^ The iiMertanse of complete drying is admitted by 
all, ajiid many breafdowns attributed to varniships are really due 
to humiditv enclosed |n the material*. To expel raoistme a 
temperature of 100°-110^C.*s reqauiefl in a stove suitably ventilated 
to remove the evolved water-vapour. The use of vacuum stoves 
avoids the dffiicu^ties of preventing absorption of water-vappur, 
gives economy of forking with no d^rioratfon in the materials 
to be insulated, and ringers them more susceptible to impregngbion. 
Cotton thread, although unchangSd at 100°-1I0° C., begins to turn 
yellow at ,176° C., and a\ 226^ C. earbusation becomes marked 
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and is complete if the cotton be kept at that temperature. Matthis 
considers that the introduction of a little warmed air during the 
vacuum drying is of advantage. Impregnation fa'lows the vacuum 
drying proctss, and the varnish is drawn into the receptacle auto¬ 
matically. The vacuum ought to be good, i.e. 99 j)f r cent, in order 
to ensure complete, removal of moisture. Volatile thinners escaping 
during impregnation may be collected in a suitable condensing 
system. The impregnated parts are stoved in well-ventilated 
stoves to facilitatt! oxidation, the temperature iK-ing measured 
by j)yrometers, which can be read outside the stove. Uniformity 
of drying is advisable, and the stoves ought not to be opened except 
for removal of the whole charge. If gas jets are used for Keating, 
it is advisable to have a ])erforated plate above them so as to 
distribute the hot air. If the stoves be steam-heatt'd, the pipes 
should be laid around the sides, and if electricity be used the system 
of wires should be similarly laid. I'he time and temirerature of 
stoving depend on the engineer's requirements; e.g. 240 E.° at 
ordinary pressure. If a vacuum stove; be used the tem))eraturc 
jmay be 155“ F. with 23,jn. vacuum. The stoved layer of insulating 
coating must not have a tack. When two or more coatings are 
applied, the windings should be drained from opposite (mds so as 
to make the coating as uniform as jrossiblc, and the first must 
be dried thoroughly before the application of the second. In 
dealing with compounds ” the windings to be impregnated arc 
dried in a vacuum chamber. The eomponnd is melted in a steam- 
coil-heated tank and intrf)duccd into the vacuum chamber by 
opening a valve in the connecting pijx;, the atmospheric pressure 
forcing the compounds out of the melting tank into the vacuum 
chamber. The windings arc subjected to an air pressure of 80 lb. 
to the square inch, so as to complete the impregnation. The 
remainder of the compound after the impregnation generally 
requires addition of a suitable blender to restore the origiual 
fluidity. 

Fig. 42 is a diagrammatic representation of the plant used in 
the process. 

Varnishes for Impregilatlng Papers and Fibres.—The require¬ 
ments are good flow, good penetration, high moisture-resisting 
power, and great flexibility. It is of impoj^ance that the physical 
properties of the coating should be ^)ennanent under working 
conditions,,, sq that A does not become brittle. Freedom from 
minenal acids is not of importance, proviA;d that the*, paper or 
fibre is unattackqd. The varnish coating after stoving at 100“ C. 
must giver a smooth elactic surface witk a thickness of about 
0-002 in., alld must be unalteferi-by hot oil. The insufeted fabrics ■ 
or paper are tested according te the scheme«already described. 

Varnishes lor Cementin^^ Purposes.—^These -garnishes* are used 
^in the building up 8f mica sheets and in the jfl-eparation of mica 
cloth. Spirit varnishes, shellac with or trif^out rosin, or spirit- 
aoluKle copal in methylated spirft, may be used. The addition of 
a,Jittle castor oil ednfers elasticity. The varnidhes djy without 
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oxidation, hut their use is restricted by temperature limitations. 
(Icnernlly they are made up when rec^uired ; e.g. in the proportions 
of 1:1, coloure(} with aniline coloui',s. The air-dried layer must 
not be sticky. Varnishes for cementing pnrjwsos depend largely 
oA the us(‘ to yhieh the edmented mica is put. The material used 



Fio. 42." Ii^prcsnatloo plant ami Jtihnsoii)- • 

in a commutator ne#ds to dificTj considerably from a cemented 
layer usM ffw mere insulating purposes. They find employment 
in the preparatSsn of insulating tu%es unA cylinders of papers 
and mica. • * 

* Varnishes lor Finishing Pur^ses.—These varnishes are used to 
give a snjooth aoating tothe coils arjd windings, which will prevent 
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dust and dirt accumulating on the surface. They must be air¬ 
drying or low-stoving, and be able to resist lubricating oil and 
sulphuric acid. Shellacj with or without rosin, anjl pitch varnishes 
give a smooth surface, but are apt to Ix" brittle, unless some elastic 
oil comjwnent Ls jiresent (castor oil in shellac 'and tj^ick linseed fcil 
incorporated with piteh). The varnishes are sprayed, or brushed 
on. Provided the windings are protected by smooth tape, the 
impregnating varnish is often sufficient, although the surface must 
be hand brushed, which adds to the cost of production. 

Varnishes for Transformers.—Eor dry transformers (cooled 
naturally) micanite insulation is employed, but micanite sheets 
can only be used in small oil-insulated transformers, becafise the 
material causes overheating, being itself a heat insulator. The 
usual insulating material is fibrous material in the form of sheets, 
but treated paper in the form of micanite and Bakelite cylinders 
and sheets are used. The insulation must not deteriorate up to 
temperatures of 95° 0. or under the influence of oil, and must 
not show any acid tendency.*^ 

Enamelled Films.—To remove the difficulty of the hygroscopic 
properties of cotton, tfie wires may be covered directly with an 
elastic enamel and be used without further protection. The wire 
is drawn through the varnish and dried rapidly by being passed 
through a stove heated to 275°-280° C. and the temperature is 
carefully controlled. The stoving heat is much above the point 
of carbonisation of cotton, and owing to the relatively small thick¬ 
ness of the enamelled film the dimensions of the coils may be 
considerably reduced (see table below). The varnish consists of 
a pitch-resin-linseed-oil mixing with suitable thinners, and the 
coating must be elastic. Some enamelled Aims are on a soluble 
cellulose basis and do not require the high stoving of the enamels 
containing pitches. 


Copper Wire. 

Diameter In Mtiia. 


1- 

2. 

Bare . . 



Enamelled .... 


0-62 

-j- i layer cotton 

017 

0-67 

-j- 2 layers . 

0-22 , 

00 

4* 1 layer silk 

014S 

0-526 

t 

r 



ff ^ 

The requirements are the productidn of a lAiiform la^^er which 
is unchanged by*sun or,moisture, and jininflammability when 
placed 20 mifi. above a buibgu, flamy. The films ifiust stand 
tending around a rod four tim^ the diamet#r of the wire without 
cracking, and after heating at 160° C. for ten hours th«y ffiust show 
the iame elasticity. ‘They nfust be able to withstand an elongation 
10 per cent without cracking. ^ « 

Jhe' breakdown voltage for wiles of J mm. or 1 mm. diamet^ 
must be 6(|0 volts oV *26^ voltj, according as the electric ^tension is 
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applied between two layers of wire or between one layer of wire 
and the metal cylinder around which it is wound. A third method 
of testing is by sunning the wire continuously through a mercury 
bath and applying electric tension between the mercury and the 
wise. A volt^e of 60 is .sufficient for the test. The wire is 
passed through the mercury bath at the rate of 15 metres per 
minute, and not more than 41)0 niptures per kilometre or one rupture 
every metres should occur. Enamelled vires are used in 



A “ Conipr^oR ta p. E ^ Safety valve. 

B ** Safety valve. F -- Steam gauge. 

C -• PreHBure gsuq^. G = Steam cliamber. 

D^-ExliauMt tap. ^ H - Stenfii valve. 

t % * 

interruptof’ coils, telrahone »|ceivers, electric bells, induction toils, 
and transformer coil * » 

Bakelite Varnlshes.*-jReferenoe has Iseen made ip in earlier 
chapter to tie uses of Bakelite for k&ulating purposes.* Its heat- 
dispersive power is saiA to be slightty superior to oil or pitch in¬ 
sulators, so th&t accidents due to overtjjiarge and overheatii^ are 
avoided. Paper in^regnated with Bakelite is used in the manu¬ 
facture of Micarta sheets,JPertinax ^ubes, and transformer terminals. 
Th8 process is to impregnate with the varnish^^ ^nd, after drying, 
a sufficient pumber of sheelS of paper «-e pressed tojiether or rolled 
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into tubes ; in this way cylinders 3 ft. in diameter and transformer 
terminals from (i to (( ft. long are prodiuied which will stand 
100,000 volts.’ The dielectric strength of Bakelite is 53,700- volts 
for in., or 20,000 volts per mm., comoared with 50,400 volts for 

in. shellac jiaix’r. The Bakelite .pa}K'r has g/fod mechanical 
resistance and elasticity, so that it can be bent on itself and made 
easily into tubes. 

Bakelite A re(|uircs a stoving heat of 14(C-170° under ordinary 
pressure. If the materials afO-r impregnation lx‘ heated in a 
jacketed Bakeliser undiT a pressure of 15(1-250 lb. per sq. in., the 
change into Bakelite B can be brought about in five to ten minutes 
(Fig. 43). 

Riisinite of Ix'bach can be stoved hard at H0°-!I0'’ C. to give, 
complete hardness. The liijuid BakeliU' serves for impregnation 
for dynamo work and jametrates sati.sfa< torily into the winding.s, 
giving a solid block on stoving. It is not hygroseojac. 

Bakfdite C is not suitable for imjiregnation, la-ing inelastic. 
It is generally incori)orated with asbestos, etc., and on heating 
'becomes insoluble and ('nfti'sible. 

Bakelite has not as yet replaced imj)regnating compounds, in 
spite of its high dielectric pro])ei'tie,s and its jiowcr to resist acids, 
chlorine, and weak alkalies. It is stated that the difficulty of 
dismantling of jiarts insulated with Bakelite is considerable. 

It may be asked," Is it advisable to re-varnish or to re-impregnate 
after a period of use ? ” The best materials will deteriorate in 
time. Re-impregnation will mean dismantling of the parts of the 
machine, a course which is advantageous, but entails putting the 
machine out of action for a considerable tinui. In the majority 
of cases re-impregnation is not necessary, and it is .sufficient to clean 
the surface from dust and oil and to apjily a coat of air-drying 
varnish by means of a brush or by dipping. 
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CHAPTER XVII 

1)RVIN<1 on, AND OIL-VAENISII ANALYSIS 
Dryiruj Oils 

In the examination of a drying oil it is advisable to dotfTiuine 

(I) s)X'eilie gravity, (2) iodine value, (3) aeid value, (4) saponification 
value, (o) amount of unsaponifiable matter, (ti) the moisture content, 
(7) the ]K'roentage of oxidised acids, (K) the lefractive index, (9)* 
the ether-insoluble bromide value of the oil or its corresponding 
acid, (10) the drying tinu! of the oil against a standard linseed oil, 

(II) the amount of mucilage, (12) the colour, and (13) the viscosity. 
Nos. 1, 2, 3. 4, 9. 10, and 11 are generally essential. In the ea.se of 
China wood oil the determination of the refractive index is of 
importance. 


I. Specific Geavity 

The methods employed require either a sjxicific gravity bottle 
or a Sprengel tube, but generally the Wcstphal balance is jireferred, 
^especially when considerable quantities of the oil under examination 
are available and it is not too viscous. For works ])raetiee an 
ordinary hydrometer is the most convenient. For directions as 
to the use of all these instruments reference may be made to Fryer 
and Weston, Oils, Vais, awl Waxes, vol. ii. With the exception 
of China wood oil (s.g. (I-940 (15-5“ C.)) all the drying oils have specific 
gravities lying between 0'925 and 0-933. 

k Iodine Value , 

• •* » 

This is'a valuable guide .as to the drying power of an oil, and 
represents the peredhtage of iodine absorbed an oil from a 
suitable reagent. Hubl.J found that iodine in alcoholic solution 
in the presence of morcurieachloridu Vas quantitatively absorbed 
by unsaturated fats a*d oils. Th* Hubl method requires the 
following solufcon^: (o) iodine solution, which is prepared Jiy 
dissolving 25 grams*of iodine in 500 c.c.'of 95 pSr cent alcohol and , 
mixed with 30 grams «f, mercuric chloride dissolved in 600 c.c. of 
95*per cent alcohol. These solutifms should be^ mixed only when 
required ai^ the •mixture allowed d;o stand twenty-four hours 
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before use ; (b) a standard solution of sodium thiosulphate; (e) a 
solution of potassium iodide, free from iodate. The solvents for 
the oils are chloroform and carbon tetrachloride, and they should be 
pure. Ether may not be used, but bepzol (free from thiophene) 
or glacial acetic acid may be employed. /' • 

The determination of the iodine value is carried out as follows ; 
Prom 0-16 to 0-18 gram drying oil (0-2-0'3 gram semi-drying 
oil) is weighed off accurately into a bottle of 500-800 c.c. capacity, 
provided with a well-ground stopper. The oil is dissolved in 10 c.c. 
chloroform or carbon tetrachloride, and 25 c.c. iodine solution run 
in from a pipette. In order to prevent loss of iodine by volat^isation 
it is advisable to moisten the stopper with potassiuna iodide solution. 
The solvent and the iodine solution must give a clear mixture, 
otherwise more solvent must be added. The mixture must exhibit 
a dark brown colour after twelve to eighteen hours in the case 
of drying oils, otherwise 25 c.c. more of the iodine solution must be 
added to maintain excess of iodine ; 15-20 c.c. of potassium iodide 
are added, the mixture is well shaken and diluted with 400 c.c. 
•katcr. If a red prenfpitkte of mercuric iodide appears, more 
jwtassium iodide must be added. Standard thiosulphate is run 
in until both water and solvent layers are only slightly coloured; 
starch solution is added, and the titration finished in the usual 
manner. Immediately before or after the titration with thio¬ 
sulphate, 25 c.c. of the original iodine mercuric chloride solution 
are treated in the same manner so as to form a blank experiment. 
The difference between the amounts of iodine found, calculated 
in terms of iodine to units per cent of the sample, will give the 
iodine value. When the titrated solution has stood for some time 
it becomes blue again, due to reversal of the reaction with the 
splitting-off of iodine, but this does not interfere with the accuracy 
of the titration. The values obtained by Httbl’s method are quite i 
concordant, provided an excess of iodine, not less than the amount 
actually absorbed, has been employed and the operations are per¬ 
formed under identical conditions. It is necessary that two atoms 
of iodine for one molecule of mercuric chloride be present. 

It must be pointed out that the position of the double bond in 
the rmsaturated oil fat or acid influences the iodine absorption; 
thus, oleic acid shows an iodine value 89 (pale. 90), whereas maleic 
H^owB an iodine valjie nil (calc. 219). ‘ If the double bond be 
Uistant from^the cax]^:9yl group, as in oleic acid, the iodine value 
is normal, whereas if it be adjacent* to the^ carboxyl group the 
iodine value is lower than the calculated figure. 

Waller h»s proposedm(^fication of<the Hiibl soyition on the 
following lines: 25 grams ioakiO in 200 c.c. strong alcohol and 25 
grams mercuric chloride in tlfe same amoifnt of solyent are mixed 
wfth 26 grams conc,hydiDobloric acid (s.g. 1-I9) >nd made up to 600 
e.e. with alcohol. Rather less mercuric ohloridS is used than in the 
original Hiibl solution, and WaJJer’s solutioif is, moreover, twioj as 
cAicentrated as the, original Hiiol. Although the results obtained 
Jfly the uhe of Waller’s'solutiOB are in general agreement with those 
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of H&bl when oils and fats are tested, yet in the case of mineral 
oils, cholesterol, and naphthenic acids, the results are at variance 
with" those obtained by the previous method. The scheme of the 
Hiibl reactioi^may be expressed as follows : 

HgClj+Ij=HgClI-(-ICl 
HgClI^-Ij=HgIj + ia. 

The reaction, which is incomplete and reversible, may be best 
expressed by the two equations given above. 

In the presence of water the following reactions may occur 
simultaneously: 

• K;i-eH20 = HCl-HHI0. 

5HI0 = HI03 + 2H,()-t4I. 

HIOj + 41 + 5HC1 = 5IC1 SHjO. 

Of the reaction products HIO and HIO 3 will react in the 
presence of hydrochloric acid to give iodine. 

The addition of hydrochloric acid in the Waller’s solution 
inhibits the first reaction and prevents hypojodous acid being formed, 
which would oxidise the alcohol and so disturb the equilibrium. 
If absolute alcohol be used the solution becomes more stable. 
Ingle ^ considers that the formation of free hydrochloric acid in 
the reaction is due to the decomposition of the iodine chloride 
addition product, and the amount of free hydrochloric acid formed 
depends on the chemical structure of the unsaturated compounds. 

Wljs’ Modification of the Hiibl Process.—Wijs’ iodine solution ’ 
may be prepared in two ways : 

(o) 7-6 grs. iodine trichioride and 8-2 grs. of resublimed iodine 
are dissolved separately in recrystallised glacial acetic acid on the 
water bath, taking care that the solution does not take up moisture. 
The two solutions are then poured into a litre flask, which is then 
filled up to the mark with glacial acetic acid. A more convenient 
way is to dissolve a 10 gram tube of iodine trichloride in 300 0 . 0 . 
glacial acetic acid and ^d a 2 J per cent solution of iodine in the 
same solvent until the iodine is slightly in excess. The mixture 
is then made up to one litre with freshl;? recrystallised glacial acetic 
acid. 

( 6 ) Dissolve 13 gr% iodine in a litre of good glacial acetic aeid, 
withdrawing 100 c.c. lol' ktor use, and pass dry chlorine inV> ^e 
iodine eolution until the brown colour ahmges to Jt #lear orai^ 
tint. The iodine solhtionf Jield in reserve, is now added until the 
colour ,of the solution becomes faintly brown. » The slight excess 
of iodine mevents thejprmation of iodins trichloride.. The solution 
is stabilise by heating on*the water bath for about t^tfenty minutes 
and kept in the dajft in a well-itoppered bottle. The solution 
maintains its stijpngth for several months, if^pore materials iave 
been employed. *The glacial acetic *acid uled must be freshljj 
frozen out and should give no grron tinge on heating with potassium 
bichromate and concentrated sulphuric acid, sj^owing freedom {rom 
formic aoid. 
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The Wijs solution is allowed to react with a drying oil in the 
same manner as the Hubl, but for a much shorter time ; half an 
hour to six hours may lie required according to the degree of uh- 
saturation of th§ glyceride. If acetic apid reacts with the oil, the 
Hiibl solution must lie used. / ' 

iMlailn of the Method. —0-16 gr. of a drying oil is-dissolved in 
10 c.c. of purified chloroform or carbon tetrachloride and 25 c.o. 
of the Wijs solution added, taking care to moisten the stopjier of 
the liottlc containing the mixture with jiotassium iodide solution, 
and allowed to stand for one hour. In the case of oils having a 
high iodine value, like linseed, it is advisable to allow the piixtiire 
to stand for 2-3 hours. The sto])per and neck oh the bottle are 
washed down with 15 c.c. of a 10 per cent potassium iodide solution 
and 100 c.c. of distilled w'ater added, and the excess of iodine titrated 
with the standard sodium thiosul))hate solution. Tow'ards the end 
of the titration about 2 c.c. of the starch solution are added, and the 
contents of the bottle are shaken vigorously after each nrldition of 
the thiosulphate solution, until the contents of the bottle are 
eolourless. ,, 

A blank test, using 10 c.c. of the oil .solvent and 25 c.c. of the 
iodine solution, must be done with ('ach set of estimations. Th(' 
result is expressed as a jier cent of iodine reacting with the oil. 

The Harms solution '* contains iodine bromide imstead of iodine 
chloride and is considered by American chemists to be sujxirior to 
the Wijs solution, and its use is recommended in Anierh^an standard 
specifications of linseed oil.® 

The principle of the Wijs or Hanus method is simple : 


\ / 

IC1+C = C - 

/ \ 


>'c—/ 


Sundberg and Lundborg* state that the Hanus method gives 
results with fats which agree closely with those found by the Hiibl 
method ; Wijs’ method gives higher results. In the case of linolic 
acid the Hiibl value lies liearer to the theoretical than does the 
Wijs value. Marshall ’ proposes carbon tetrachloride as solvent, 
and Asehmann prepares a solution of iodii^e chloride with water, 
by passing chlorine into potassium iodide' solution until the iodine 
li^rated is,rqjli8solvcS, end after filtering from potassium iodate 
the solution is allowed to react with a ■•chloroform solution of the 
oil or fat for tw»nty-four hours. The values lie between those 
obtained w4th the Wijs and Hubl solutions^., 

Kelber ah3 Rheinheimer ” ^eier Wijs’ method, because of the 
greater stability of the solutio® and the rapidity of the process. 
MgqEean and Thomas “ have investigated the bqhavlbur'of sterols 
Id. cholesterol) with Hiibl *and Wjs’ reagents' with sterols the 
'Hubl solution gave values approximating tq tfiose required by the 
nuinber of double i^onds believed to exist in the sterol molecule. 
With the 'Wijs reageht Ahe results may ‘be twice ka high as those 
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obtained with the Hiibl solution, and vary greatly with the tempera¬ 
ture, time of contact, and proportion of the reacting substances. 
'JJlie difference ia behaviour of the two reagents appears when they 
react with the sterols (not with reduced sterols), with the resinic 
acids, and posi'^ily with tlie naphthenic! acids, though in the latter 
caseo definitii .substances of known constitution have not been 
investigated. The effect a])|X'ars io bo due to the influence of the 
glacial acetic acid used in the solution as solvent for the iodine 
chloride, and affoids evidence that a considerable amount of sub¬ 
stitution takes place. The substitution effecd is particularly 
noticeable! when a condensed ring-nucleu.s containing one double 
bond re’aets witli Wijs’ solution •. thus ahietic acid, containing two 
double bonds, an<l dihvdroabietic acid, containing one double bond, 
give identical vahies with Wijs’ solution, so that substitution must 
be mu(!h greater in the reduced deiivativc. Anthracene reacts 
similarly with Hiibl and Wijs’ solutions, giving high iodine values 
in both (!as(!s, but jdamanthrcnc and retene (ksopropylmethyl 
phenanthrene) are hardly affected by Hilbl's solution, and absorb 
considerable amoimts.of iodine fiom Wijs’ r^'agent. „ 

(.lomix)unds of iodine with unsaturated eora|)ounds have been 
isolaff'd; c.g. trichlortrihalosfearie acid, i'isHsoGalaClj (lu.p. 146“ C.) 
obtained by the action of iodin<‘ monochloridi' on a linolenic acid 
and tribromotriiodostearic acid. ('„,H.„,(>J 3 Br 3 (m.p. 124-120“ C.) (p. 
14). By shaking with linu! watei' the calcium salt ((\,H3(|02r3Bra)jCa 
i.s obtained. Foi’ drying oils, the Wijs method may be recom¬ 
mended as most convenient, but in dealing with ruig eomixrunds 
the lliibl method is perhaiis safiw, owing to the tendency for sub¬ 
stitution to occur when Wijs’ solution is used. 

III. Aoin Value \/ 

The acid value may Ire cx])ressed as the number of milligrams of 
potash required to neutralise the free fatly acids in one gram of oil. 
it is also .statc'd in the terms of jiercentage of free oleic acid in the 
oil, this acid being selected as a typical fatty acid occurring in 
vegetable oils. 

To determine the acid value of an oil, 6 gi'ams are weighed and 
50 o.c. of alcohol or mnthylated spirit (previously neutralised) afe 
added and the mixture gijmly boiled. Th? solution ia cooled, 

1 c.o. pheuplphthalein added, and then titrated with -N/IO or N/& 
alkali. The acidity ^nay be*expressed in milligrams of potash {ler 
gram i d oil, or in percentage of oleic acid : 

% •• A ^ 

A -H f ftxN/ 10ftlka lix 2<^2 . • M.W. of iiititu aulu. 

Acidity.- “VVdghForiii taken' ,a--No. c.c. of standard alkali. 

• • 

At the end of tm titration not less than 50*per cent of alcoliol ^ 
ought to be present in the mixture. 

•The acid value is a variable, flepending on the quality of the 
sample anc^on th* mode of*extraction pf the,off from the seed. 
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Rancidity will increase the acid value, and oxidation brings 
about the same result. A few acidity standards are taken from the 
Report of the Committee of Analysts on the standard methodsiof 
analysis of seeds, nuts and kernels, fats and oils, and fatty residues 
(Ministry of Pood, Oils and Fats Brapcli): / ' 



Percentaso of 


Oloic Add. 

Linseed oil . {^Xed ! ! ! 

. 2 

. 2 

o f Crude 

Soyaod . .{lidiue . . , 

. 2'6 
. 015 

?Crude, Indian . 

. . . 2-5, 

Tofton eeed oil ' KSypti™ ■ 

totton seed oil , -peehnieal refined . 

. , . 4 

. 0-3 

\Fine edible 

. 0-16 


IV. Saponification Value 

The saponification or Kottstorfer value represents the amount 
of potassium hydi'oxide required to neutralise the free and combined 
acid constituents of a fat or oil, and is expressed in terms of 
parts of potassium hydroxide per 1000 parts of the fat or oil. 

Solutions required: (o) N/2 hydrochloric acid, accmately 
standardised. Sulphuric acid is not advisable, because potassium 
sulphate may be precipitated in the titration of an alcoholic solption 
and interferes with the end reaction ; (6) an alcoholic solution of 
potassium hydroxide, approximately N/2, prepared by dissolving 
18-20 grams of stick potassium hydroxide in not more than 10 c.c. 
of distilled water, and mixing up to 500 c.c. with 94-95 per cent 
(by volume) alcohol. The solution is allowed to stand for twenty- 
four hours, and the clear liquid siphoned off for use. The alcdhol 
must be free from mineral oil and of such a purity as to yield a 
colourless solution of alkali after twenty-four hours. If methylated! 
spirit be used, it should bo purified by the method proposed by 
Waller.i* 

The Test .—About 2 grams of the clear oil are accurately 
weighed into a 200 c.c. fiask of resistance glass, 26 o.c. of neutral 
alcohol added, and 25 c.c. of the alcoholic potassium hydroxide 
splution, accurately measured, run in. A like quantity of the same 
solution is run into a similar flask, together with 26 o.c. of the 
xeutral aljojiol. ThO %8ks are conn^ct^ to reflux condensers or 
long,Air condensers and heated on a t»)ilingiwater batbf for half an 
hour. The flasl^. containing the oil should be'shaken with a rotaxy 
movemei*t from time tq,time during the Mriod. The content! m 
the flasks tie then titrated V{)iZe hotijdw the N/2 a6id, after the 
addition of 1 c.c. of a 1 per cent'alcoholic sol{^tion of phenolphthalein. 
Ap grams of oil taken. B = c.c. of acid required 'to the control 
experiment. C=‘(l.c. of af^id required to neutralise the excess of 
al^li in the test. 


Saponifioation value 


■(B-C)x6-2805x10Q0 
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If the solution be dark it may be diluted with strong alcohol, 
and alkali blue used as an indicator. The saponification values 
oi a fgw principal drying oils are as follows : 

linseed oil, 192-6 ; China wood oil, 193; Perilla, 189-6; Soya 
oil^ 193 ; Para'^ubb<!r seed*ojJ, 206 ; Poppy seed oil, 196. 

The sapopifieation vabie, as determined by the above method, 
includes the alkali required for the neutralisation of any free acid 
in the oil, and the acidity must be subtracted from the saponification 
value to give the true saponification value. 

The acid value and saponification value may, if so desired, be 
determined upon the, same weight of the sample in the following 
manner^ , 

About 4 grams of the eleai- oil are accurately weiglu'd into the 
saponification flask and 26 e.(-. of hot alcohol, containing 1 c.e. of 
phenolphthalein solution and previously neutralised, are added. 
The free fatty acids are titrated from a burette with the alcoholic 
alkali solution, as used for the saponification value, wanning if 
necessary during the titration. The number of c.e, required by the 
free fatty acids having bia-n noted, such'a (jirther quantity as will* 
make a total of 60 c.e. is added and the process continued as 
describi^d above. 

A blank test is made with 60 c.(-. of the alcoholic alkali delivered 
from the identical burette, using similar quant ities of all the reagents. 
The •Kact value of the alcoholic alkali having laicn determined with 
N/2 hydrochloric acid, the a(-id \nluc and saponification value may 
be resjiectivcly enlculated. 

V. UNSAfONIVlABM! MATTER 

Unsaponiflable matter in fats and oils includes all substances 
which are insoluble in wabu-, but soluble in the fat solvents specified 
below, after alkali saponification of the fats and oils. It is taken 
to include alcohols (other than glycerine); e.q. sitosterol (phytosterol) 
in the case of vegetable oils, and cholesterol in the case of animal 
oils and fats. Oertain fish oils contain umsaponiliable hydrocarbons 
(squalene, etc.). Some waxes yield insoluble alcohols on treatment 
with alkalies. The unsaponiflable matter generally remains dis¬ 
solved in the soap solution after saponification. The principle qf 
the method of (istimatidn* de[iends on the solubility of the’un- 
saponifiable matter in ethcii* or in petrolcjiul’ ether, wjjercas the, 
soaps are pfactically irsioluble, whether they are in smution pr in 
the dry state. It is fcetter to*use ether than petr(^eum ether, and 
to get rid of any soap, wliieh may have iieen taken ui)»into the 
ether by wat alcohols of \vdrocarbqj®, by treatment w<ith a little 
water and re-extraetion ^ith ether. . 

The mdthofl recommended by the Connnittee of Analy^s 
(toe. cit.) is as folloVs ; Saponify 6 graitfs of tllte oil with 60 c.e. 
of approximately norjpal alcoholic potassium hydroxide, boiling 
undbr a reflux condenser for sixty iftinutes with occasional shaking. 
Transfer thq alcoholic solution to a se^)ftratipg* funnel; rinse the 
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flask successively with 60 c.c. of methjflatcd ether, 50 c.c. of petroleum 
ether, and 50 c.c. of water. Transfer the rinsings to the separating 
funnel, shaking well after each addition. Allow- to separate and 
withdraw the soap solution. Repeat the extraction of the soap 
solution twice, using ether and petroleum ether aa/oefore, omitting 
the treatment with water. The combined ethereal extracts are 
washed by shaking with slightly alkaline water, allowing to settle, 
and rvmning through a filter into a tarcd flask. Wash the filter 
with petroleum ether, distil off the solvent, dry at 100° C., and 
weigh the unsaponifiable matter. Any fatty acids present in the 
extracted matter are determined volumetrically as oleic ^cid and 
their amount deducted from the weight. 

The amount of unsaponifiable matter in natural oils and fats 
is very variable, but in genuine samples it is quite small; e.g. linseed 
oil, raw or refined, contains 1 per cent of unsaponifiable matter. 
Soya oil (crude or edible) contains also 1 per cent. 

Determination of Oil In Seeds, Nuts, and Kernels.—It may be 
advisable to indicate here a standard method for the estimation 
of a drying oil present; in oil seeds, nuts, and kernels. The method 
recommended is as follows: 

Extract a weighed quantity of the sample prepared for analysis 
with petroleum ether (volatile without residue at or below 60° C.) 
in a suitable apparatus for two hours. Rcmiove the partially 
extracted material, dry, grind in a mortar (grinding may l)e 
facilitated by the addition of 1 gram of fine sand), and again 
extract until exhausted. If the sample contains a large percentage 
of oil, it is advisable to grind twice, extracting after each grinding. 
Evaporate off the solvent, dry at 100° C., and weigh. In the case 
of oils liable to rapid oxidation, like linseed, drying should be 
conducted in an inert atmosphere. The extracted oil must be free 
from solid matter and completely soluble in petroleum ether. o 

VI. Moisture 

The amount of moisture contained in an oil is variable, dejjending 
on its age and {)eriod of tanking. A good linseed oil should not 
contain more than 0'25 jier cent of moisture. The connection 
between moisture and mucilage content ^will be referred to later. 
The method recommended may be described as follows: 

‘ A U-tiffee, one limL of which is an ordinary narrow-bore glass 
tube and the other a tube of IJ jn. in 'dimeter, if charged in 
its wider limb lirith soft blue Cape asbestos, which has been ^ied 
at 100° C. „The wide limb is nrovided wifj^a rubber stepper through 
which pastes a narrow tube bent at right angles. The tube, wifdiouf 
the stopper, is accurately weighed, suspenJed by a^wire, and about 
2 p grams of the well-mix^ sample of oil or fat are droppd on 
to the asbestos, and the whole re-weighed. *The stopper is then 
i|iserted, and the tube which pa^s through i',he stoj^r is connoted 
with ,a Kipp apparatus supplying hydrogen, thoroughly dried bj 
passage through sfrong su^hmic acid! A i^-tiibe, su^h as is usee 
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in elementary analysis and provided with two glass taps, is filled 
with glass beads which are afterwards moistened with strong 
siyphvric acid. Xhis tube is accurately weighed, after having been 
previously filled with dry Jjydrogen, and is then coimected with 
th*. narrow lii>^ of the as^stos-charged tube, the latter being 
suspended iti a beaker containing water kept at a temperature 
about 10° C. above the melting point of the fat under examination. 
A slow current of hydrogen is now passed through the whole. When 
no trace of condensed moisture can be seen in the horizontal limbs 
of the oil tube and of the weighing tube, which is generally the case 
after one hour, the letter is weighed, then again attached, and a 
current of hydrpgen allowed to pass for another hour. Minute 
traces of volatile organic matters, as a rule, produce slight darkening 
of the sulphuric acid. The asbestos may be advantageouslj' used 
in the form of a very porous felt paper, produced by pulping the 
asbestos and running the pulp into a centrifugal, which is lined 
with linen. 

As an alternative method capable of dealing with a numl)er of 
samples in one operation, stopix-red w'eighiijg bottles of about the* 
dimensions of the wider limb of the U-tube used in the standard 
method may be charged with asbestos, or alternatively with strips 
of pleated blotting f)aper or with paper pulp. These tubes are 
dried in a vacuum desiccator containing .sulphuric acid and kept 
at a pressure of 2-5 mm. After weighing, about 2 grams of the 
fat or oil an* placed in (lach tube, which is again weighed. The 
tubes are warmed until the fat under examination is melted, and 
then replaced in the vacuum desiccator. The air is exhausted and 
the desiccator is kept in an incubator at 20° 0. for at least forty- 
eight hours. The weight after that time remains practically constant. 

This standard method is applicable, in the opinion of the Analysts’ 
.Committee, to all fats and oils, whether readily oxidisable, like 
linseed oil, or containing high percentages of free fatty acid of low 
molecular weight, such as lauric. In the case of fats and oils 
which arc free from uncombined fatty acid and not readily oxidisable, 
the ordinary methexis of drying on sand in a water oven may often 
be used, provided the results are in agreeitient with those funiished 
by the standard method. In the w'riter’s opinion it is doubtful 
whether all the moisture^is removed by the above method if the oil 
under examination contaiits nuich mucilage. 

vy.* OxifiiSED Fatty Acids 

Some di^ng oils on^exposurc to air Ijpeome viscojas,*owing to 
the formation of oxidisea glyceride*,'and blown oils flontain the 
same substances, whos<* formation if* accompanied by a reduction 
in the iodine ’value of the original oil. Fahrion estimates tiie 
amount of oxidis^ acids in tfie following naanner: 4-5 grams 
of the sample are saponified with alcoholic potash; the alcohol is 
evaporated off, the soap is dissolved in hot wato, transferred to* a 
8epa*ating funnel,* and decomposed with* hydrochloric acid. After 
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cooling, the liquid is shaken with petroleum ethef (b.j). below 
80° C.) and allowed to stand until it has completely separated 
into two layers. The iasoluble oxidised fatty asids ^vill bc^foupd 
to adhere to the sides of the fimnel pr form a sediinont in the 
petroleum ether layer. The aqueoup layer is drp^Wn off and.«the 
petroleum ether removed, if necessary, through a fjlkT, an# the 
oxidised acids are washed with jnore petroleum ether to remove 
adhering fatty acids. If the amount of oxidised fatty aeids be 
large, it is advisable to dissolve them in alkali, de<!ompose the 
resulting soa)> with hydrochlorie acid, and shake out again with 
petroleum eth(!r to remove any soluble fatty acid. The oxidised 
acids are then dissolved in warm alcohol or ether, the solution 
evaporated in a tared dish, and the residue weighed, lanseed oil 
blown for ten hours at 120° ('. will contain 7 1 |X'r cent oxidised 
acids. Linseed oil blovvn with oxygen until its I.V.- r)H-8 contains 
42’82 per cent oxidised aeids. 


, VIII. RurRArTivE Indices or Oils and A'armsh Thinkbks 

< 

The ease with which the refractive index can be determined 
makes the refiactometer of importance in the examination of 
vegetable oils and of varnish thinners. Th(> refractive index does 
not give a j)erfoctly reliable means of detecting adulteration, but 
it serves to indicate gimcrally whether a samjde is genuine or not. 
For the use of the refractometer in the analysis of oils and fats 
reference must be made to a pa|)er by . 1 . N. Goldsmith.*® 'riie 
■optical principle.s underli’ing the refractometers now in usc! and their 
employment in chemical analysis have Is-en given by Philip,** and it 
is unnecessary to describe here their construction or monijiulation.*® 
The Abbe and Pulfrich forms are the most popular, and for the deter¬ 
mination of dis|)ersion the Pulfrich iastrument is the more suitablOi 

The application of the refractometer for controlling the identity 
or quality of oils is well known. It is of value in testing the contents 
of a large number of packages when it is impossible to make a 
complete analysis of each .sample. 

Weger *" has measured the refractive indices of a large number 
of treated linseed oils : 


Indian linseed oil at 25° C. . . . .• * 

•Cold “ lx)i^.^oU ” with 1 per cenl I’blln at 2.)' C. 

'i 


„ 3 „ 

.» 5 

The samel heated one houipat 150° C. . . , 

Cold “ boiled oil ” with 1 per edit 1^ Unulfiatekt 
The same heated two hours at 1.50° C. . 


25° C. 


.4 


Boiled Indian linseed oil, 0 5 ^r cent I’bO, %'2 per c^t J^nO, 

e two hours at 2 ^ 0 ° C.- . ^. 

Indian linseed oil, clarified ar280° C. 

„ „ heated 40 hours at 180°'100° C 

■ • „ „ „ 5 min. a« 360° C. ‘ 

„ , „ UQWn 20 (hours at 160° (J, 

„ „ " 25 •„ 



1-4728 

1-4736 

1-4743 

1-4748 

li4760 

1-4766 

1-4733 

1-4740 

1-4759 

1-4739 

1-4789 

1^842 

1-4854 

•1-4888 
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The small differences in the figures for boiled oil show that 
refractometric determination is of no avail in differentiating 
betwasn^various Samples, but when the oil ha« been thickened the 
refractive indcjf rises. • 

'Morrell do«!rmincd the sefractive radius of imlymerised linseed 
and fchina w«od oils : 


Linseed oil, thickened «.t 2(>h"-280” 0. in COj (s.g. 0*909) ni, 19° C. . 1*4915 

Acetone soluble portion (s.g. 0*9527) n^, 19" (J.1*4864 

Acetone insoluhle portion (s.g. 0*9702) n„ 19° C.1 *4964 

Tung oil (s.p. 0*9405) n,. 14° 0.1*5172 

Thickened tung oil (H.g. 0*956) iii, 15° C.1*5134 


Seha|)ringer * also noted the remarkable fact that when China 
wood oil is heated the refractive index falls with the iodine value 
although its s|)eeiti(! gravity inerea.ses ; that this is not due to' 
oxidation is shown by the fall in (he refractive index when the 
heating is ])erformed in an atmosphere of nitrogen (ef. Wolff). 

The following table shows the eff('et on Isuled oil of storage 
for eighteen months, under different ewnditions. The figures in^ 
brackets under the refractive indices are '* Oxygen Absorption ” 
determined by weighing films. 



In Darkiios's. 

OjN'n. 

Iti 

•Vir-linht 

In hiHlii: 

0)M‘n. 

In Lisht: 
Air-tiKht. 

Cold boilod fill with 3 per 
oont J’hMn rosinalc 

Oil heated with 3 }kt cent 
PbMn reaiiuito 

1-4K77 

(10*9) 

1*4881 

1-4S07 

(17-2) 

i-4812 

1 -4873 
(13-4) 
1-4893 
(11-8) 

1*4804 

(17*6) 

1*4812 

(16*2) 


• China wood oil has a high refractive index, and adulteration 
with othei' oils can be detected by the lowering of the value of 
the refractive index. Th(i difference between the figures for tung 
oil and Soya oil at 40“ C. being 0-0402, the addition of 10 per cent 
or even 5 per cent Soya oil could be detected. The Refractometry 
Committee of the Society of ('heniieaf Industry recommended 
readings to be taken at 20“ C. for oils. The mean temperature 
eorreetion per degree eenjigrade is 0 -GOO-Ifi,'®’ Instead of measuring 
the refractive indices of oil i| is sometimes preferable to determine 
the refractive indices of the. corresponding «cids. *• 

Refractive indices df thff jnixed fatty acids of linseed oih and 
China wood oil at 20* C. : » 


10'S per cent linsSSd oil tatty 
96 „ ., • 

^0 ... • „ • 

80 .. 

60 „ •• „ „ * 


l-48«i 

1-4707 

1-4775 

1-4824 

1-4896 


•In the examination bf varnish thinners the refractoineterHs 
of Ufe in analysing a large number of» binary* solvent mixtures. 
The percenfttgp of white spirit pi^sent in a‘mixture of turpentine 
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and white spirit can be determined with fair accuracy from the 
value of the refractive index, for the relationship is expressed by 
a lineal- graph. Similarly a mixture of benzol'and petrol* orva 
mixture of lienzol and turpentine can lyi estimated from the value 
of the refractive index of the sjiecial mixture. It ?nust bo pointed 
out that the presence of benzol in a mixture of white spirit^ and 
turpentine would invalidate the method, as it only holds for binary 
. mixtures. 

Optical Dispersion .—Little attention has been paid to dispersion 
measurements, h’rycr and Weston have measured the dispersion 
of a number of oils and have found that for tung and coc 9 nut oils 
the dispersions are unusually high and low reepectively. The 
difference between the refractive indices of any two rays of the 
spectrum of a refractive medium is termed the dispersion' of that 
medium. The disjairsive power (w) of a substance is expressed by 
the ratio of the cocifieient of disjK-rsion to the index of refraction of 
the mean ray, h-ss unity. If n ,, and », represent the refractive 
indices of a substance for the I), and F lines of the spectrum, 
•then the dispersion of the substance is n, -n, for the F and 0 lines, 

and its dispersive power (<“) • 

The dispersive power of tung oil is 0-.S71, linseed oil 0-0218, 
menhaden 0-0207, and coconut 0-0167. The values are of much less 
analytical importance than the refractive indices. The drying and 
semi-drying oils are broadly differentiated from the non-drying 
oils and fats, but the separation is not very marked. Oxidation 
of an oil increases the dispersion, while heating (polymerisation) 
produces a marked decrease, and this may afford a means of dis¬ 
tinguishing oxidised from polymerised oils.* With varnish solvents 
aromatic hydrocarbons (benzol, toluol, xylol) have dispersive power 
from 0-033-0-031, whilst petroleum, naphtha, and turjjentine have* 
the values from 0-0208 to 0-0200. 

Holley “ uses a method which does not depend on numerical 
measurements, but on the inversion of spectrum colours shown 
by tung oil when exan^ined in the Pulfrich refractometer. An 
addition of not leas than 16 j)er cent of pure linseed oil to tung 
oil under examination should restore the normal position of the 
dblopred bands. If less than 15 per (jent is required the oil is 
considered Jo be adulterated, while .-sery pure oils have required 
an additidhTbf as much* as 22 per cent. In general, tly? refractive 
indei increases uniformly with decraSsing w|,ve length, .except in 
the neigl\J)ourhdbd of an absorption -band. The absorption band 
may lie in ^le ultra-violdl region^ as in the«9ase of carboB disulphide, 
which has a strong djspersion? The (fispersive power is connected 
with the molecular structure*: e.g. benzol lhas a h^hei dispersive 
p(fw«- than tetrahydrobeiatol and also than he|;^lene; naphthalene 
than benzol; and quinoline than naphthalene. For mixtures of 
fatty oils and fatty acids the refractive indrfx will give more r^id 

. Elaldine” gi\%*much ISwer disperaiodS than the,oUa from which they 
or^produoed. * 
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results, but the measurement of the dispersion will serve to cor¬ 
roborate the opinion already formed on the nature of the oils or 
a«ids«under examination. 

Hexabr»midj! Test votl Linseed Oil and other Oils. 

Hexabromide Nitmber 

The unsaturated oils or acids, when treated under proper con¬ 
ditions with bromine, absorb two atoms of the halogen at each 
unsaturated linkage. The solubility in ether of the bromo-deriva- 
tives decreases with increased bromine content, .so that the oeto- 
and hexabromi^es arc only very sparingly soluble, whereas the 
tetra- and di-bromo bodies are soluble. The fatty acids are generally 
used, because th<! glyceryl esters give non-concordant results. 
Many investigators have examined the condition under which 
bromine is absorl)ed by unsaturated oils and acids Hehner and 
Mitchell ““ have investigated the combination with glycerides. 
Eibner and Muggenthaler “ have investigated the compounds 
formed with fatty acids. The details lof {libner’s method are*a% 
follows: 2 grams of mixed fatty acids prepared from the oil 
under examination are dissolved in sufficient dry ether to give a 
10 per cent solution and cooled to -10’ (!. 0-5 c.c. bromine is 
delivered very slowly (twenty minutes) from a fine-drawn pipette 
into the ethereal solution. The remainder of the bromine (0-5 c.c.) 
is added slowly, so that thi- total time of bromination is half an hour. 
The temperature must not rise above - 5° (’. during the bromination. 
The flask containing the mixture is allowed to stand for two hours 
at -10° (I The ethereal solution is carefully decanted on to a 
weighed filter iiapcr and carefidly washed with five lota, each of 
5 C.C., of cooled ether. After complete draining the precipitate is 
dried for two hours at 80°-85° G and cooled in a desiccator. The 
melting point of the hexabromide obtained in this manner from 
linseed oil acids is 177° C. and not 182° 0., which may result when 
the precipitate has been dried at a higher temperature. The octo- 
bromides are also insoluble in ether, but are si)aringly soluble iii 
benzol, in which the hexabromides are’very soluble. The octo- 
bromides do not melt below 2(Xb (!. It is generally advisable to 
determine the percentage of bromine in the insoluble precipitate J;o 
decide on the pre.sence of’the oeiobromide. * 

Bailey and Baldsiefen ** state that have ^simined tl^ 
published^raethods for the*Jiexal)romide value of linseed qjl and 
fqjund that the resitlls obtained are not concordjnt. They recom¬ 
mend the ^flowing mejhod ; 

(a) Preparation of Fatty ..IrifS.—^Vl^eigh approximately 50 
grams of oil into a i-litre round-tottom msk and add 40 c.c. 
of caustic so3a solution (s.g. 1-4) and 40 c.c. of alcohol. Plac^the 
mixture on a ste^h bath and heat foi^bout Ifalf an hour, passmgj^ 
a stream of carbon <li(ixide through the apparatus all the while, 
ilfdd one litre of hot distilled water and bofl the soap solution, 
either ov^ a fr^ flame or on a steam Iiath, tb remove the alcohol. 
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After removing the alcohol thi^ solution is cooled somfewhat and 
then acidified with dilute hydrochloric acid (1 ; 1). Warm the 
mixture until the fatty acids form a clear layer, continuing tor pass 
carbon dioxide through the system. Tlip fatty acida are separated 
in a separating funnel from tlio aqueousjlaym' and wajiScd thorougjfly 
with hot distilled water until the washings arc neutral to m«hyl 
orange. The warm fatty acids arc freed from water by centrifuging 
and kept in a well-stoppered bottle. 

(6) Preparation of the Uexabromulat .—Weigh accurately 1 gram 
of fatty acids into a weighed centrifuge tube (1 in. diameter 
and 5 in. long). Dissolve the fatty acids in 25 c.e. of specially 
prepared ether. The ether is waslu^d with 10 per cent of its volume 
of ice-cold distilled water. After separating the water and repeating 
the washing tliree times, the washed ether is dried over fused 
calcium chloride and the drying completed by means of sodium. 
After distillation th(! ether is treati'd with an excess of finely powdered 
hexabromide of the fatty acids of linseed oil previously prepared. 
Decant the ether solution, kept at least for three hours at zero, into 
»• dry bottle. „ 

To the fatty acids dis.solved in ether a bromine solution (5 c.c. 
bromine and 25 c.c. glacial acetic acid made up just before use) is 
added very slowly until a dee]) red colour is produced. The tube 
is then allowed to stand in an ice-chest over night (about fourteen 
hours). The solution is sei)arated from the precipitate by centri¬ 
fuging and the precipitate rcj)catcdly washed with the specially 
prepared ether and the last traces of the ether removed in a vacuum. 
The precipitate is then weighed. 

In the Steele and Washburn method the fatty acids are 
dissolved in 10 c.c. of dry chloroform containing 3 ]X)r cent by' 
volume of absolute alcohol. The solution is cooled to -5“(1., and 
a bromine solution (bromine 1 volume, chloroform 2 volumes) is < 
added slowly from a burette until an excess is present. The excess 
of bromine is removed by the addition of a few drops of amylene. 
The chloroform is removed at C. under reduced pres.sure. 

After removal of the chloroform the precipitate is washed with 
ether prepared according tO the previous method. After four ether 
washings the precipitate in the tube is freed from ether by heatiitg 
inn. bath at 60°-70° G. for fifteen minutes iij a vacuum. The total 
weight of the precipitate x 100, divided^ by the weight of the fatty 
asSds taken 4 .|yves the texabromide percentage. 

It #8 considered that Steele and IJtashbfirij’s method has not 
been displaced by«.Bailey’s modification, altliough the latfer points 
out that if’et\ier be used<n t^e brominati(j(ij it is not n^essary to 
prepare a special chloroform «dlution‘and the slight excess of , 
bromine does not affect the final result, so that the use of amylene 
is uBneoessarj'. It is essentml that an ether satujated with linseed 
^il hfixabromides be employed, as they have a slight solubility 
in ether, which is appreciable eveij, at 0° C. „ ^ 

^bner ** considers thalj Bailey’s method gives lower values, 
than the methods oi Eibner acid Steele, and he stdtes that fish toils 
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can b(! detected by the tenzol test or by separation of the ehipano- 
donic acid as lithitnn salt. Tschndy “ points out that the expcri- 
wentel error oi Bailey’s method may produce results differing 
by ± 6 fier cei^t from the ajtual amount of linseed oil in the mixture, 
but generally i^r tnixtures of linseed and soya l)ean oil the modified 
he^broniid# method gives more nearly accurate results than those 
obtained by the iodine number determination. 

The following table shows the percentages of insoluble bromides 
obtained from drying oils or their acids ; 



Knuu (TlycfriUes. 

From the Acids, 

Perilla ml • • 

. 53 per cent 

64*0 per cent. (Kibnor). 

Linseed oil, l.V'. 181 . 

. 23*1-23*5 ♦ ' 

„ ,. l.V. 204 . 

f.V. 100-4 

. 49-3 

. 37-72 

■ 42’0-50 0 {Steolo and bailey). 

„ l.V. 180 . 

. 35*2 


Tung oil ... 

0 

0 

Menhaden oil 

. 61*8 

51*5 ((Jemmoll). 

Ct)d liver oil 

. 420 

35 (dommell).-^'* 

Soya bean oil 

. 3*73 

4 2-G-5 ^Steele and Ilaile;^) 

• WsiHcr and 'Warbiirtiin (in p. fTo® (', dcnmiiiosos at 155® ('.). 



rcn’ctitagc of llrondne. 

Dibromoslcarin . 

. 35*10 

Tetruhromostearin 

. ' . 53 *23 

Hoxabromosteurin 

. 62*28 

Octobromostearin 

. 68*92 


The proisTties of the bromine addition products of unsaturated 
fatty acids aie :— 

Oleic acid (Dibroino), 36 ))er cent bromine. 

Linolicacid (Tetrabroino), m.j). 113' -114° C.,53’3 percent bromine -sparingly 
soluble in petroleum other. 

Linolenic (Hoxabrorno), m.]>. 180'^-181° C., 63 *32 per cent bromine—very slightly 
Rolublo in alcohol. coUl other, glacial acetic acid, and in cold CCI|, soluble 
in hot CCI4, almost insoluble in potrolonm othor. 

Clupanodonic, OJJH 34 O.., (Decabromo), blackens at 200° C. and docomposea 
above that temperature, 69*87 —very slightly soliiblo in most organic solv* 
enta; c.g. alcohol, ether, CCI4, glacial aceti? acid, petrol, and CCI4. 

Arochidonic acid CjgHaiCO.OH (Octobronio), blackens at 220° C. and 
decomposes above that temperature. Insoluble in all organic solvents.^ 


X. ComAkison of •i’Hb Drying Time of an Oie AdAiNSB- a 
‘Standard Linseed Oil 

I’wo m^hods may l«?finiployed,^tc first dcjieuuiug-oii wie gam 
in weight on oxidatioi* in the presance of driers, and the second 
on the tinTc of drymg and the condition of the surface of a filn%of 
the oil which has fiben treated with drfirs. THe second method is. 
preferable, as it is iirqctly practical. In reference to the first 
mSthod, Livache determined the gain in wemht w'hen 1 grSm 
precipitate^ lead is treated*with 0-5 gaams of S drying oil. 
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Oil. 

•-- —r 

Guln In Weight per rent in 

Ono Oay. 

Three! Diiis. 

«• 

• 

Five Daysi. 

/ 

Bombay linseed 

218 

4' 

811 

9-6? 


l-K) 

4*81 

,5-14 

Plate 

116 

4-64 

5*14 


f 

The Committee R on Preservative CJoatings (1900) U.S.A.““ con¬ 
cluded that the results obtained by using litharge as a drier in place 
of lead were not generally satisfactory. Liverseege and Elstfon”'" 
modified the method examined by the above-mentioned committee 
and obtained more satisfactory results. Ten grams litharge 
(40 sieve) were spread in a thin lajmr on a flat dish and ke])t 
at 20° C. over night. 0-7-0-9 gram of drying oil were added, 
followed by 5 e.e. methylated ether, so as to give complete mixing 
with the litharge, and the gain in weight on oxidation was determined 
after two days’ exposure. Genuine raw liiuseed oil ceases to gain 
weight after two days, and the gain in weight is 1.5-18 per cent. 
Genuine boiled linseed oil eeaaes to gain weight after one day, and 
the total gain in weight is 12-14 per cent. Whilst drying oils do 
not gain weight after two days, non-drving oils may continue to 
gain weight for weeks. When oils of a particular class are compared, 
the gain in weight varies with the iodine value and there is evidence 
of some relationship Ixitween the figures in oils of different classes. 


on. 

Olvin In Weight per eeiil In 

One Day. 

Twii Days. 

'I’lirec Days. 

Linseed . 

Roiled linseed . < 

Soya .... 
Cotton seed 

Whale 

Rosin 

-Mic. _ Lj - 

lid 

17-4 

13-6 

8-4-8-9 

6-6 

(j-4 

9-9 and 19- 

« 

16-9 

4 in 13 days 


The second ty^ of method is to prepare a drying oil Sontahiijjg 
known anfoupts of lead^nd manganese ^ers. A sinujar linseed 
drying oil ii# prepared and the*drying tiaies of the two films on glass 
or wood are compared. In a recent War Office specification 
(C^.D./404, 1920) for raw linseed oil nine volumes*of the oil are 
t.mi3ced with one volume oPa 25 per cent soluCfon of precipitated 
manganese resinate in turpentine (C.W.II./408), and the mixture 
is eaposed in the fQrm of a thin film on^gloss, in a vertical positftn 
at a temperature, of* 15-6° The film‘must dry* in a (pannew not 
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inferior t6 that of a film of the approved tender sample, when 
tested at the same time and under identical conditions. Attention 
mnst be paid k) the quality and appearance of the film, because 
some (frying^oils—c.y. peijilla—give ijeculiar surfaces with irregular 
ifWkings. I 

^ XI. Mucilage 

Mention has been made in a previous chapter of the mucilage 
content of drying oils. The amount present in a sample of oil 
may be determined in the following manner : 15 c.c. of the oil 
are placed in a test tube (j in. x (5 in.) and heated over an ojien 
flame to 300° C., the temperature being determined by a thermo¬ 
meter suspended in the oil. The rise in temperature should not 
exceed 50 degrees per minute. A linseed oil containing mucilage 
breaks” at 200° C’. anil flakes of the mucilage appear. The oil 
is then cooled down to the ordinary temjierature and at once 
centrifuged in a graduated tube. A good linseed oil shows 2-3 
per cent mucilage by volume. If the oil be allowed to stand over 
night after breaking,, “ the foots” are too finely divided tr> Ijp 
removed by centrifuging. The American Society for Te.stmg 
Materials state the breaking tests for linseed oil, but make no 
recommendation as to their e.stimation.®” The writer has found the 
above method convenient and satisfactory. 


XII. Colour 


The colour of linseed oil can lie standardised by a Lovibond’s 
tintometer. 


XIIl. ViSOOSITY 


The viscosity of a drying oil may be determined by any of the 
I methods described under the Viscosity of Varnishes. 

Linseed Oil. Tunc Oil. Olive Oil. *WateT. 

212 secs. (Kodwoofi). 8o8-14ll2 secs. 312 secs. 25'4 secs, (Redwood) 

at 70'’ F. 

• 

Separation of Saturated Component^ of Drying Oils from Un¬ 
saturated Components.—The lead salts of saturated fatty acids are 
insoluble in ether, whilst those of the unsaturated acids are soluble. 
The examination of aidjying oil for its content of saturatej|l fats, 
stearin, palmatin, etc., is cte^scribed by Li'wkpwitsch.^ 

The gjiantitative separation of the l&d salts o?%ie saturated 
acids from those Igss* satulated by means of ether was exStmined 
^ Varrentrap (1840) and Ronaud.” If the* fats contain the 
glyceride linolenic swid it is stated tha% it is impossible to obtain 
the saturated fatty acids in*an approximately pure state by fractional 
precipitations)! the leSd salts in thrSe solvents—alcohol, chloroform, 
and ether—although the method work^ell in piixtures of satuAted 
and less unsaturated acids. ' ^ 

• The separation ‘the unsaturated acids by means of their 
oxidation products produced by potassiunj* permanganate, viz. 
hySroxy’steyic acids, has been invdktigalhd by Hazura, and the 
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details are given in Liiwkowitsch’s Oih, Fats, awl Viaxek, 5th cd., 
vol. i. 574. A. Griin points out that linotic acid may give four 
tetrahydroxystearic acids CigHjijOj, and linolenic £»:id may fumisfe 
32 hexahydroxystearie. acids ^ * 

Linseed Oil Substitutes.—When the .price of lins^tid oil is hi^, 
adulterants appear. If the sample under examinatbn has/an 
abnormal drying time, sjK'c.ific gravity, iodine value, and saponitica- 
tion value, adulk-rants may be suspected. The ])Os.sible impurities 
are rosin oU, mineral oils; t.g. benzine, keroiuuie, or lubricating oil, 
fish oils, soya bean oil, corn oil. and hemp or rape oils. China 
wood oil is unlikely, l)eeau.se of its high cost. The cheapest and 
commonest adulterants are the mineral oils, vvhicE are lighter in 
weight than linseed oil and reduce its sixicilie gravity as well as 
saponification value. Rosin oil is fre()U(mtly added to eompensatf! 
for this reduction. Fish oils are often u.sed for general outside 
work, specially on the sea coast, and foi' application to hot surfaces, 
as in the preparation of smoke-stack paints. It is advantageous 
to use a mixture of menhaden oil with linseed up to a proportion 
a* ifigh as 76 jier cent ofithe'mixture. The oils have a disagreeable 
smell and cause darkening of linseed oil. The j)rcsonce of fish oils 
can be detected by the ether-insoluble-bromide te,st. 

The most objectionable linseed oil substitutes are those consisting 
of solutions of rosin and hydrocarbon oils, with which are mixed tar- 
oil and rosin. Such vehicles possess little permanence. The rosin 
would be indicated by the high acid value of the oil and the 
Liebermann-Storch reaction. Rosin oil is commonly employed as 
a substitute, but it remains sticky and dries very slowly, and, if 
used as a paint, it will damage any subsequent coat, (’orn oil is 
sometimes used as a substitute in Canada, but as it is a semi-drying 
oil its use to any considerable extent will delay the hardening of 
the film. Soya oil is regarded as a partial substitute for linseed oil, 
and its presence in linseed oil will reduce both the. iodine value and 
the drying time. Other substitutes may be obtained by dissolving 
metallic rcsinates in tar oil and petroleum. In the examination of 
tire igrrited residue for metals—e.g. lead and manganese—or of the 
aqueous solution after saporlification, treatment with dilute nitric acid 
and extraction of organic material with ether are followed by the 
usual methods. Hemp and rape oil are rarely used as adulterants, 
owing'to their higher cost. There is /rt' present no, oil on the 
milrket at aAeasonabfe price which cun entirely replace ^inseed oil 
with cfmplete satisfaction to the user,* For'g^neral purposes the 
addition of any oft the above, .with the exception of tung oil, will 
dimiirish th6 v^vlue of linseed oy. Raw soy^.oil as a substitute for 
linseed oil is preferably first blowil, then^iv/;n a heat treatment to 
thicken it, and a drier df manganese, lead, artd cobalt, linqjeates in 
the f»oportions of 0-03 percent, 0’2 per cent, ^d O-Ol per cent 
(espectively is added. Suen an oil is consideTed" by some to be a 
fair substitute for linseed oil. Lqmbang oU aHmixed with linsee^ 
oil Mas not proved, ^satisfactory, although it is probably more 
disable on exposure t'han linseed oil alone. 
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The Adulterants of China Wood Oil.—Owing to the increasing 
demand for tung oil the detection of adulterants is of importance. 
iThc^coramonest arc soya, pcrilla, and lumbang {Aleurites rnolwxana) 
oils. The detection of tlm adulterants is based on (1) difierenciis in 
t^ical dispofifion ; (2) polypierisation or gelation tests. 

^Refer(*npe lias alrea<ly been made to the importance of the 
refractive index of (.'hina wood oil. Ware “ has shown that tung 
oil will give a dispersion of 209 units in his special apparatus, whilst 
soya bean oil show’s only 129 units. 

The detection of tung oil in varnish mixings depends on the 
same two faetors, i.e. the high refractive index of the oil [1-5179 
(20" C^); linsged oil I -4911.5 (15° C.)J or its corresponding acid, and 
the easy gelation of the oil or acid. The polymerisation test has 
been studied by Gardner,^-' who has put forward a test devi.scd by 
llrow'iie. 

Browne's Test for Furiti/ of China Wo(hI Oil .—^The test tubes 
containing the oil should be 16 x 15 mm. with a mark near the 
bottom to indicate 5 e,.c., and dosed by a cork so jierforated that • 
a glass rod 3 mm. in diameter i^an hm^e freely. Fill a co^pjr 
beaker (luughl 12 (-m.; intern.al diameter C cm.) with cotton seed 
oil to a height of 7-5 em. Place a thermometer so as to be 1-5 cm. 
from the bottom of the bath. Use a nitrogen-filled tlu-rmometcr 
with an engraved stem ; total length 4-4i in., graduated from 
21()"-310° G. in two intervals, the length between 210° and 310° C. 
being not less than 2| in. If preferred, use an emergent-stem 
thermometer 30 em. long with graduations from 100°-400° C., 
making corrections for the emergent stem according to the method 
outlined in the stem correction sheet, N. 44, U.S. Bureau of Standards. 
When th<' temperature of the bath is 293° G. (.560° F.) and very 
slightly rising at this point, place the tube, containing 5 c.c. of the 
oil to be tested, so that the Imttom is level with the low-est part 
of the bulb of thermometer. Nob? the time, remove the source of 
heat for about forty-five seconds, and then reapply. Before two 
minutes hav(^ elapsed the temperature of the bath will have fallen 
to 282° C. (540° F.), at which point it should Ik- kept as steady Ss 
possible. W’hen the tung oil has beeJi in the bath almost nine 
minutes, raise the glass rod at intervals of half a minute, and when 
the rod is firmly set note the time. A sample of good tung oil 
should gelatinise in twelve minutes. As the setting or gelatioh takes 
place within a few second* of fluidity, j gbod endj^torrainafipn 
is aflorddli. Remove the .specimen at once, heat the hatb again 
(jp 293° 0., and rejleat the experiment with anq^iher portion of the 
sample. Jiio stirrer is^used in the bath. , A screen around the bath 
enables ine temperatAe •to bc«i#flro easily reached. W'hen the 
cotton seed oil has btirome heavy and viscid it should be removed, 
otherwiifb thr heating may be irregula^^ , 

Jameson hSS shown tliat the tiiire requirSd to polymerise tuna 
oil by heat increase%wi|h the fatty acid content, and in the Brown^ 
fest the presence of I -9-4-5 xier ^nt free acid^ extends the tinib by 
1-2-6 mi^jites. • If the oil be mixed Wh,dfy slaked lime it will, 
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if genuine, polymerise within twelve minutes when heated to 
282*^ C. It is possible to detect the presence of 5-10 per cent of 
adulterating oil by means of the gelation test. The addition of 
perilla oil alone would raise the iodine v,alue, whereas soyd would 
depress it, but both would reduce the .refractive in^^x and retwd 
the gelation of the oil. The addition of lumbang oil vdll likejfise 
retard the solidification of the oil on heating and reduce the refractive 
index. The writer attaches more practical value to the heat test 
than to the determination of the refractive index. 

Oil-Vaknlsh Analy.sis 

The characteristics of a good varnish have been dealt with in 
a previous section. The status of varnish analysis is not good, 
and in the opinion of Pearce it is doubtful whether it gives any 
idea of the comparative practical Vfilues of any two .samples of 
varnishes, because it is so difficult to identify the coni 2 )onent resins 
and the state of the oil present in the mixing. The determinations 
which are usually made^ coinprise thiimers. resins, oil, and driers. 
For controlling the products in the factory the tests include specific 
gravity, viscosity, flash point, colour comparison, drying tests on 
■glass or on a prepared wooden panel, and the examination of the 
hardnc.ss of the film and of its rubbing properties, as well as the 
action of hot and cold water. It is evident that the above te.sts 
give inadequate information as to the durability of the coating, 
which can only be determined satisfactorily after six or nine months’ 
exposure. An attempt has been made to connect the elasticity, 
ash-content and the water absorptive power rvith the durability 
(see p. 284) It has been suggested that the behaviour of the film 
towards 20 volumes hydrogen jjeroxide is a valuable guide to the. 
resistance of the film to oxidation. The dependence of the 
properties of a varnish film upon the composition of the varnish, 
as indicated by the analytical results, is by no means certain, owing 
to the difficulty in estimating the projmrtions of resin to thick oil 
tod the want of connection between the properties of the separated 
resins and the physical awd chemical constants of the sweated 
gums. The separation and estimation of the thinners is com- 
pajatively simple and fairly accurate.^ The changes which occur 
in the ageing process modify the properfies of the component 
rqfiins and oifc. PearSe ^loc. cit.) has ‘Examined the methods put 
forward by Houghton, Darner, TwitchelJ, and* Scott, ancKfinds that 
of the first named,to be the best. * * ' , 

The great difficulty iiu varnish analysis is the 8ei)ara^on of the 
resin acids frefei the oil and the f^ntificationf^ them when separated. 
The esterification which is imjplved in thef.methods put forward 
by the investigators, whose names have been mentidned*above, is 
ffiased on the fact tHht in tfli presence of an estdrtfying agent fatty 
sicids and ethyl alcohol react to form esters^Jdle rosin acids either 
do fujt or do so very ipcompletelyT In the Twitehell method “ dfy 
hydrochloric aoid.gaS i% passed into a solution of'the nuxed-resin 
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and oil aeids in absolute alcohol. The details of Wolff’s method 
of esterification “ are as follows: Between 2 and 5 grams of 
fche ^lixed resii) and fatty acids obtained after saponification of 
the v&rnish freed from thinners, are dissolved in 10-20 o.c. absolute 

S " yl or ethyl alcohol and esterified by boiling for two minutes 
: a reflux oondensci; with 6-10 c.c. of a solution of one part of 
uric acid in four parts of ethyl or methyl alcohol. The 
esterified mixture is treated with five to ten times its volume of 
a 7-10 per cent solution of common salt, in which any oxy-abietic 
acid is insoluble, and the fatty acid twters and free resin acids are 
extracted with ether or a mixture of ether and petroleum ether. 
The salt solution is drawn off and re-extracted once or twice with 
fresh solvent. The extracts are then washed with salt solution 
until the washings have a neutral reaction. After the addition of 
alcohol, the ethereal .solution is titrated with X/2 alcoholic potash, 
and in the case of mixture.s of rosins and oils the percentage of 
rosin acids is calculated on the assumption that they have an acid 
value of IfiO. The ))ercentage thus found is reduced by 1 -5 to allow 
for the fatty acids which escape esWrifibati^n. ^ 

After neutralisation of the rosin acids 1-2 c.c. excess of alcoholic 
potash may bo added, the ethereal solution washed several times 
with water, the mixed washings and soap solution evaporated to a 
small bulk, acidified, and after addition, of an equal bulk of salt 
solution, extracted with ether. The ethereal solution is dried over 
anhydrous sodium sulphate and ether evaporated. The residue is 
di.s8olved in 10 c.c. absolute alcohol, re-esterified, and extracted in 
the mpnner already dcscrited. The rosin acids thus obtained are free 
from fatty acids which have escajx'd esterification in the first treat¬ 
ment. The amount of rosin present in the mixture is obtained by 
multiplying the percentage of rosin acids by 1 -07 jier cent, to allow 
o for 7 per cent of unsaponifiable matter in the rosin. When this 
method is used for the analysis of varnishes which contain resins 
yielding material insoluble in petroleum ether, the insoluble matter 
must h' separated. If appreciable amounts of resins (other than 
rosin) remain dissolved in th(‘ petroleum ether, the volumetric methdfl 
cannot be used, since the viscous resins have different neutralisation 
values. 

Pearce’s modification of Houghton’s method is as folloys : 
IVom 4-6 grams of vSraish nre weighed into 125-OtC. ErleBmeyei 
flask, 25 c.c. of water addbd, and the nyxAire boiM^over a v^yy 
small flaiiie until only a fev* c.c. of water remain. Aitrar the jpmoval 
the volatile thiirhers 25 8.C. each of O-S N. alhoholic potash and 
benzene j|rc added and the mixture rejuxed tor one* hour. The 
solution IS evaporated’fl) about lOnfl;. and transferr^li to a 500-o,c. 
separating funnel, wa^lSng the flas\ with alcohol, water, and ether. 
The use W iSe-cold ether and ice-cold water is recommended^and 
very small quanfJRies of alcohol are aiCded wHfen required to bre^ 
up the emulsion. Water and ether, 100 c.c. of each, are addeS, 
(fud the mixture well sflalsen. flio shaking is repeated three tilnes. 
The etherjayer is washed Wll with W'8,ftr a^d Separated, A weighed 
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Erlenme 3 ’er flask, labelled “ Gums,” is used to receive* the other 
layer from the separating funnel. The flask containing the first 
part of resins (G,) separated from the other constituents jp s%t 
aside and only used to receive the ether extracts of rtsms or 
unsaponifiable matter (G and E). ^ ^ 

The aqueous layer and washings are apidified wfth ^ydi'ocl^rio 
acid, completely extracted with ether, and the ether separated trom 
the fatty and resin acids and the remainder of unsajionifiable matter 
by distillation. To the flask are added 20 c.e. of absolute alcohol 
and 20 c.e. of a mixture of 4 parts of absolute alcohol with 1 jmrt 
of concentrated sulphuric acid, and the contents heated with reflux 
condenser for five minutes. The mixture is shaken, in a se)?arating 
funnel with 100 o.c. of eth('r and 100 c.e. of a 10 jier cent solution of 
sodium chloride. The ether hiver is separated and washed with 
water and the aqueous laj'cr and the washings of the ether layer 
are extracted with 50 o.c. of ether. The combined ether extracts 
(the aqueous laj’er is discarded) are treatf'd with .50 c.e. of 0-2 N. 
aqueous potassium hydroxide and 10 c.e. of al(»hol, and well shaken 
Oftlw the la_vers have, .se^narkted at least twice. The ether laj'cr is 
treated with 50 c.e. of water containing 5 c.e. of 0-2 N. potassium 
hydi’oxide and 5 e.c. of alcohol, and after settling the aqueous la^'er 
is combined with the original one. Those layers are extracted 
completely with ether and all the ether layers combined and washed. 
The aqueous portion is acidified with hyiirochloric acid, the resin 
acids (E) extracted with ether, transferred to the flask lalxdlerl 
“ Gums,” and the solvent distilled off. The ether layers are 
transferred to the flask and the solvent removed as before. The 
residue is refluxed with 25 c.e. of 0-5 N. alcoholic potash for one 
hour and the last of the unsaponifiable matter (Gj) removed by two 
or more extractions with ,50-c.c. f)ortions of ether. The extracts 
are added to the ‘‘ Gurus ” flask, the solvent removed, the contents , 
(C + E) dried on a steam bath overnight and heated to con-stant 
weight in a drying oven at 110°-120° G. The aqueous layer is 
acidified as before, completely extracted with ether, and the ether 
layers washed with water. The ether layer is transferred to the 
flask and the solvent remtfved. The flask and contents arc heated 
on a steam bath overnight, or until all the water is removed, and then 
hefited in the oven to constant weight (D). 

The diagram on the following page illi!Bt?ates the method used. 
f Determl n^ -lon ol lio^ln.— Qualitatfoe {Liebermann-Storch Be- 
actiem)^ —Rosin may be detected qualitatively as follotrs; 6 c.c. 
of the varnish aye poured into a sdiall sepftrating fuhnel wi^ 

5 c.c. of caibon disulphid^ the mixture shaken, and 10 c.m of acetic 
anhydride added. After complete separatidn into layers, 1 or 2 c.c. 
of the lower acetic anhydride, layer are penned into an inverted 
erudble cover, and 1 drop of sulphuric acyd (34-7* of ‘sulphuric 
^id to 35-6 of watet) is caftfully added b,y mea^ of a stirring-rod 
TO the edge of the cover, so as to mix slowly wjtl^the acetic anhy&de, 
whAa. a characteristic fugitive i^iolet colour results, if rosin Be 
pltesent. Wolff “ sAgaests’ iihe following modificaf^ of •the 
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liebermaM-Storch method, which is more general for all forms of 
rosin likely to occur in a varnish. Five grams oil-vamish are 
dissolved in 150 c.o. ether, and the solution shaken twice with 250 o.c. 
ft a*l»]jer cent'solution of either ammonium carbonate or caustic 
sc^. The -Hiiter extract,^fter acidification with hydrochloric acid, 
is^ptracted with ether. The ether solution is evaporated, the 
resMue dissftved in ten times its bulk of petroleum ether, and 3 or 
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4idrops of this solution are used for the Storah reaction. The 
addition of ammonia the rest of,theupetroleum-*th*er solution 
will cause gelatinisationgf fbsin b^ j^sent. * 

Quant^iiy^. —The* rosin may *be estimated following the 
directions given ^jijder Wolff’s raethod»previojj(sly described, tnd 
hi viefr of incretsmg quantities of rosin in varnishes nowadays thft^ 
qipstion becomes of tonciderableimportance. W. T. Pearce “ jfas 
esammed M'ljheney’s moijlod for anaHlsis of^oil varnishes, whu^ 
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includes the estimation of rosin. The sample is saponified with an 
excess of caustic potash dissolved in absolute alcohol, and enough 
glacial acetic acid dissolved in absolute alcohol is added to liberate 
the fatty and resin acids. Then petroleum ether is aided, thoredghly 
mixed, and the strong alcoholic solution Is diluted wit.i water, tkis 
causing the petroleunj ether to separate. Thisi-ether layers is 
supposed to contain only the ro.sin and fatty acids, the “ hard gufcis ” 
being insoluble in this solvent. After the solvent is distilled off, 
the residue is dissolved in absolute alcohol and esteriflod by 
Twitchell's method to separate fatty acids from the rosin. Using 
this method, Boughton found that the petroleum ether solution 
W'ould contain resin acids in cases where no rosin was present. 
Pearce concludes that the above method, or any method based on 
the difference of solubility of the resin acids in jietroleum ether, 
is inapplicable. From a theoretical staud))oint this is precisely what 
would be expected. Rosin is a resin containing unsaturated acids 
not unlike the resin acids contained in Zanzibar, kauri, manila, 
and Congo gums. The free acids in rosin are largely neutralised 
Iwfore the material is ipado into varnish. During the running of 
the gums 16-30 per cent loss occurs, and in the heating changes 
in acidity are often observed. 

The following results are given of the saponification, acid, and 
ester values of rosin and kauri separated from an oil varnish : 


V’ariil .!i. 

S V. 

V. 

Eater Value. 

Straight rosin \arnish . 

i82-18.'> 

160-182 

22-24 

1 rosin, J kauri 

122-1:15 

44-02 

72-78 

i i . 

143 

88 

55 

Kauri varnish . 

130 

45 

85 

Untreated kauri 

124 

41 

8:i 

„ rosin 

185-180 

155-170 

i:i 


i The identification of the gums separated from the oil is un¬ 
certain. The determinatgm of the acidity and iodine value may 
furnish indications as to the presence of a hard or soft copal resin 
in the vai'nish. A high percentage of unsaponifiable matter indi¬ 
cates the presence of dammar. 

Tlie Examination of the Fatty Acids |e]iarated from the Resins.— 
Part of th?1lcids obtained from the "resin-oil separation may be 
used to study the properties of the c^’^h used fti the mlanufacture 
of the varnish. (The estimation of tung oil may be carried out 
according fo *the method giv§p by Pearcejf’. and the heuahromide 
test may be* used for the detection of mOngaden oil. 

Wolff” saponifies the non-Volatile part, ivmoves tjie rjsin acids, 
and determines the inde**^f refraction of the fatty amds. The 
^^resenoe of wood on will be indicated by a value ffigher than that 
.giT^n by linseed oil- The presenaj of tungtOilVill also ^ indicatgd 
the gelation of the fatty acids obtained; e.g. a nu^Elare of 
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oil, menl^en oil, and linseed oil in the proportion of 1 :1 : 2 gave 
fatty acids, which gelatinised on heating, whereas a mixture con¬ 
taining linseed, soya, and cotton oils gave no coagulation. 

' 1)6 •Waele describes a method which Wolff considers to be 

^le b(!St published. The^uethod is somewhat involved in manipula- 
tite details^ aiRl the reader* is referred to the original pa^r. The 
vomtile thinner is estimated by a simplified method of distillation 
with water.“ The non-volatile residue is saponified with strong 
potassium hydroxide in lienzol-alcohol, the soap evaporated to 
dryness, taken up with water, acidified under ether, and the aqueous 
layer, consisting of the mineral matter present as drier, separated 
off anS discarded. The acid ethereal layer is then shaken up 
with excess o! potash and the unsaponifiable matter remaining 
in the ethereal layer estimated in the usual way. Much unsaponi- 
flable matter indicates the presence of dammar, which is insoluble in 
acetic anhydride. The intermediate step of acidification of the 
soap solution, with subsequent reconversion into soap, has for its 
object the removal of lead, calcium, etc., which might be present 
from rosinates and. which would subsequently interfere in •t^e 
separation of the resins from the oils. The soap freed from un¬ 
saponifiable matter is then acidified under petroleum ether'(b.p. 
35°-60“ C.), whereby “ gum-resin acids ” separate as a flocculent 
intermediate layer. These are removed, dissolved in ether, and 
weighed. The jietroleum-ether layer containing the resin acids 
from rosin and gum resin, together with fatty acids from the oil, 
is then evaporated to dryness and estcrified by Wolff’s orTwitchell’s 
method. An equal volume of petroleum ether is added, the acid 
present neutralised with normal alkali, and water added to an 
amount suflicient to dilute the alcohol to 60 per cent strength. 
This ensures adequate separation of the alcohol and petroleum-ether 
layers, whilst inhibiting hydrolysis of the rosin soap. The aqueous 
layer is then separated, the petroleum ether layer re-extracted 
with water several times, and the extracts united. The aqueous 
extract is finally acidified under other, which latter will then contain 
the resin acids from rosin and part of the gum resin. The gum acifb 
previously referred to may be tested foi^fossil gum acids, oxy-fatty 
acids, and oxyabietic acid : 


• 

• Fof> il (iuni Adtb. 

<)xy«fatty AeWs. 

(>xyab)€tie \c\d. 

70 per cellt acetone, cdld 

• 

Bofl saturated 

l^raxTOlution .q 

Alcoholic KOH . ,• 

N/2 NaOH in absolute 
alcohift .... 

• •• 

or nearly so, 
not liquefied 

Insol. or nearly ad 
Nearly 

Insol. 

Quite sol. 

• 

Quite sol. * ^ 
Easily sol. 

• 

Insol. 

Softened to 
a liquid. 

• 

Quite so]. 
Easily sol. 

Quite solk 

—-— 


• The pefoentage of flil js obtJined ^y difference. If gum lesin 
an4 rosin are {j-esent, tlte resin acid* will hh made up of thdlre 
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accruing from the tnie rosin and those from the gum resin; the 
latter, however, usually contributes a proportion of resin acids 
represented by 10 per cent of the “ gum acids ” tfoun4. When^ 
rosin is introduced in a varnish with gum resin, it has not suffered 
any prolonged or excessive heat treatment, so thatT its origii^ 
composition is maintained. ^ ^ ^ 


Rosin ‘ 

TTnsaponifiable matter .... 
Oxyabietic acid (petrol-ether insol. 1 . 
Rosin acids . . ' . 


about 10 per cent. 
2-5 
85 


In calculating his results de Waele treats the two following cases 
separately: 

(a) Gum Remn and Rosin 'pmmi. 

(i.) True rosin acid d ue to rosin—per cent resin acids —fflun^^^i ds cent. 




(ii.)^Un8aponifiable matter duo rosin 

(i».) Oxy-abietic acid in rosin—neglect. 

(iv.) True gum-rosin acids —“ gum acids.” 

(v.) Unsaponifiable matter due to gum resin—total unsap. -(1 per cent-f-ii.). 
1 per cent is deducted as being due to oil. 

/jv.) + (v.} 

Gum ream per cent—^—-; rosin per cent—(n.)-i-(i.). 

(6) Chim Resin and Rosinate Drier (including ‘‘ hardened ” Rosin) 
present. 

In consequence of the heat treatment in the preparation of the 
rosinates, and of the destructive distillation to neutral hydrocarbons 
and oxidation which the resin acids in rosin imdergo, the organic 
matter in rosinates averages out as follows ; 


ITnsaponifiable matter 
Oxyabietic acid 
B(»in acids 


20 per cent. 
20 „ 

00 


The calculation of the results is very similar to that in the 
preceding case. 

j(i.} True rosin acids due to rosin as in co^e<(a). 

(ii.) Uii^aponifiabl€fmatter due to rosid-- 

(iii.) Oxyabietic acid in rosin—(ii.). • 

(iv.) True gum-ream acids —“ gum acaoa ”-(iii.)? * 

(v.) Upa^wniJmble matter due»to gum resin as in previous^^Mise. 

* ^ (iv.)'4*(v J 4 ^ ^ 

Per cent gum resinfind per cent fosina=(i.)4-(u.)+(iii.). ' 

6xy-fatty acids (“ 0Jcid5l|'d acids ’’ of Fahri(ie)^o not coexist, 
'with resins in varnishes to any jippreciable de^e. They exist in 
enamel media varnishes con^nin^ iur gam resin, Where 
tMy acidsniay be foond in fUir quantities Aa att^n^.tbestiitipitdV 
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rosin in* such litho-oils has been made on the assumption that 
“ oxidised acids ” are the products of saponification. Thus, on 
acidifying the^vamish, oxidised oil will not be affected, whilst partly 
neuMised^osin (rosinides) will confer on the varnish* the acidity 
wiginaliy due to the rosin q,pid present; e.g. 2-.S grams of the varnish 
^ dissoliied^n excess^ of ether or other-benzol, and the solution 
shaken up with 2 successive lots of dilute hydrochloric acid. The 
acid layer is run off and' the ether layer washed with water or dilute 
sodium chloride solution until the washings are quite neutral. 
Alcohol is added and the solution titrated with deci-normal potassium 
hydroxide. The calculation of the rosin present in rosinates by 
means of the .determination of the ash is valueless, as the basicity 
of these products varies considerably 

It is evident that the separation of resin and oil is not yet 
satisfactory, although it has been much improved. The identifica¬ 
tion of China wood oil is now more certain, but the estimation of 
its amount is not yet reliable. The quantity of polymerised linseed 
oil in a varnish is diflicult to determine with certainty. An attempt. 
has been made in treating the varnish with acetone after the reriloyal 
of thinners and treating the soluble and insoluble jwrtions separ¬ 
ately for resin and oil content.^’ The results show the presence of 
more polymerised oil than was <“xpectod, but they are explicable 
on the assumption that polymerisation had taken place during the 
manufacture and ageing of the varnish. Further investigation in 
this direction is desirable. Using Tadtchell’s method with varnishes 
of known composition and made in bulk, the results obtained by the 
writer of the resin, oil, and thinners estimation compared with the 
caloulated values will give a rough idea of the degree of accuracy of 
the method used, provided the esterification has not been carried 
so far as to produce appreciable quantities of esters of the resin 
acids. 



1. 

2. 

3. 

4. 

"Foimd. 

Calc. 

Found. 

Calc. 

Fomd. 

Calc. 

Found. 

Calc. 

Turps . 
Oil 

Resin . 

• 

41 8 
43-3 
• 131 

41-6 

41» 

16-3 


38-2 

17-4 

41-4 

38-8 

13-8 

3-a 

45:1 

38*8 
, 140 
^ 1-9 

40*5 

42*3 

14*8 

43-5 

40-3 * 

14’9 

l-3DArs 

fl8-2 

•98-7 

97-0 

100*0 

• 

98*4 

10^-0 


The ■ftTiter is of jtne opinion that etherification by hydrochloric 
acid af a iow temperature imtil saturation is more reliably than 
Wolff’s meth*df• Excessive etherificiltion givSs too high a percent^ 
of oil, and vice v§rsa. The ^amination of the resins and mis 
•separated in analyses Stand I 3ho\p the differences between the 
oiiginal jind separated dlls and resip. 
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Oriidiial Oils. 

Scparaticd 

Oils 

(Kthyl 

Katdira). 

Original 

Besins 

SweaWl. 

SeparattNi 
Resins. . 

Iodine value 

no 

t 

oe-ioti 

r 

83-85 

Saponification value . 

1»0 

/ 

, 172 

4 

130 

ff- 

101-110 

Acid value .... 

1-2 

1-4 

28 

27 


Guesses may bo made as to the nature of the resin, but sc^mueh 
depends on the conditions of sweating that resins only of extreme 
types can be differentiated; e.g. rosin and Congo, or congo and 
manila. In the chajjter on Resins it )ias bticn pointed out how 
difficult it is to identify the mixture of resins from the values of 
the so-called constants. A large amoimt of unsaponifiable resin 
is indicative of dammar (dammar is partly sajmnifiable, and the 
unsaponifiable portion is pprtially soluble in ))etroleum-ether). 
Smft'-AddenB^ states that in the case of dammar resin a portion 
is easily saponifiable, whilst another is unsaponifiable, the latter 
being partly soluble in petroleum ether, whilst the former is 
soluble in ether only. Should dammar be suspected, the soap 
is further extracted with ether and the extract evaporated, when 
a light-colour residue indicates its presence; extraction with chloro¬ 
form or carbon tetrachloride will serve to separate copal. 

Fortini^® puts forward a method for the estimation of resins 
in soaps by treatment with nitric acid, which gives nitro-derivatives 
of resins insoluble in jjetroleura ether. The method is also applicable 
to soaps containing resins other than colophony. 

Acid Values of Varnishes.—The acidity of a varnish is of 
importance, especially if it is to be used with pigments. The 
acid values of varnishes (linseed oil or spirit varnishes) can be 
determined by boiling with alcohol and titrating with standard 
aycali solution, in the x>resence of phenolphthalein. If the varnish 
contains oils which have l^en bodied by heat or by blowing, the 
acidity cannot be satisfactorily determined by the ordinary methods. 
It is advisable to replace the alcohol by a mixture of equal volume 
of previously neutralised benzol and alcohol. In the presence of 
benzoHt is much easier to obtain a sharp ileutralisation-point.“ 

(The aciditfa*! will vaPy essentially with the resin content, so that 
short-oij varnishes are more acid thqn long-oil varieties. The 
writer jirefers to jtate the acidity on the gum-oil content by 
estimating separately the percentage of thinpers ; e.g .: «' 
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• • 

.\chlity. 

AiicUty calc, 
on Unin-oil 
OjIltCflt. 

I’crccDtRRe ol 
Tliltmeni. 

• 

• 


• 

• 

^>•8 

% 

.31-5 

33 9 


29-6 

• 

57-3 

48 6 


Ordinai'ily the linseed long-oil oopal varnishes will have acidities 
varyirjg tetwoon 14 .and 20. Where neutralisation with glycerine 
and lime has rgicurred the acidity may fall to 8 or 12 (calculated on 
gum-oil eontimt). It must l>e pointed out that a certain acidity 
of the resin tends to preserve the brightness of the varnish 
mixings. 

Analysis of Bituminous Varnishes.—In Houghton’s scheme of 
varnish analysis the a.sphaltic pitches would be found in the primary 
unsaponiliable matter, together with part of the stearine pitch 
material. The sajamiliable part of the stearine pitches woul4 be 
found in the fatty oils and acids, whereas the resin pitches would 
appear in the re.sin acids portion. It is evident that the prdtence 
of copals and rosin will make the interpretation of the results very 
difficult; ncvcrthele.ss, it is possible to form a fair opinion as 
to the amounts of the components, if the examination proceeds 
according to the following scheme (Abraham, p. .571). 

Examination of Pigment and Filler in a Bituminous Varnish .— 
Dilute 100 grams of the well-mixed material with 500 c.c. benzol 
in a 800 c.c. stoppered flask. Allow to stand in a warm place until 
the pigment or filler has .settled, then carefully decant the super¬ 
natant licpiid into a clean flask of large capacity. The pigment 
or filler is shaken up with 250 c.c. more btmzol and allowed to stand 
in a warm place until it settles, and the supernatant liquid is 
decanted into the second flask. Repeat the treatment with benzol 
until the vehicle has been completely extracted from the pigment, 
decant through a weighed Gooch crucible provided with an asbestos 
filter. The residues in the flask and In the Gooch crucible are 
washed with benzol as before and combined with the balance of 
the pigment or filler, which is dried at 110° C. and weighed. The 
pigment oi filler will'oontaiu any boo carbon black or qoaP-tar 
pitch carbon. The benzdh extracts are^evaporateej ^ 110° C-to 
exactly the calculated weight of the base, by subtracting the weight 
«f tkt solvent amFthe piglhent or filler from the originallbolntion 
of matesial taken for examination, preferably ifi an atmosphere of 
coal gas. The baae*fe then extyffineef as follows*^ Dissolvp 60 
grams in 150 gramj *of benzol, •dd 10, c.c. dilute nitric acid 
(1:1), afid b'oil under reflux for half a^j hour to decompose mejallic 
soaps (drifers).* JWd 160 c.c. water, slid boil %gain under reflux to 
remove the nitrate%of the metallic driers. Repeat the extractlBiS 
fWth hot Crater, and separate the* be(^.ol solution of oils, pitehes, 
and resix^. Tl» benzol Wution is,distilM»lo 100 c.c. bulk, Ad 
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boiled under reflux with 300 c.c. of a 10 per cent aleohcflic potash 
solution (100 grams caustic potash, 500 c.c. 95 i)er cent alcohol, 
and diluted with 90 per cent benzol, to a litre) for one ■ hci^ ani 
the unsapemifiabic material separated, ^t is advisab^ to fixamine 
the unsaponifiablc material for cholcijterol or phytostcrol by the 
Liebermann-Storch reaction, and, if they be present to he^ 2 
grams of the unsaponifiable material with 4 c.c. acetic anhydride 
under reflux for one hour. After addition of 25 c.c. of ethyl alcohol 
(95 per cent) and heating to boiling, the liquid is decanted through 
an asbestos Gooch crucible filter and the residue washed with warm 
alcohol to remove acetic anhydride. The residue is then dried at 
100° C. and weighed, as rejuesenting the hydrocarbgjus (pitches and 
unsaponifiable resins). The filtrate from the acetic anhydride treat¬ 
ment is evaporated to dryness and dissolved in the smallest quantity 
of hot absolute alcohol and allowed to cool. The acetates of ISie 
alcohols crystallise out. They are filtered off and the crystals washed 
with 95 per cent alcohol and dried. Cholesterol acetate melts at 114° 
C., whilst phytosterol acetate melts at 120° 0. If after 5 or 7 re- 
Cjj’jctallisations the melting point is Mow 115°-116° (!., phytosterol 
may be considered to l)e absent. The above higher alcohols are 
mixdd with the unsaponifiable constituents of the rosins, which 
amount to 4-8 per cent of the resins present. The examination of 
the hydrocarbons may be carried out as given in Chapter X. and 
under Boughton’s scheme (p. 337). The saponifiable matter is dealt 
with under the same scheme or by others previously mentioned. 
The difficulties of distinguishing between the fatty acids derived 
from the vegetable oils and those from the fatty pitches which may 
be present are very great. The following differences may be con¬ 
sidered as a guide only : 



Fatty Acids from Oils. 

Fatty Acids from PitrliCB. 

Lactone value . 
cK. and S. fusion point . 
Hardness at 77 F. . 
Colour in mass 

Less than 25 
» M 80 C. 

t.. » 5 

Translucent yellow 
to brown 

Greater than 25. 

» M 80. 

Opaque brown to black. 


It IS eviflpilit that iraa mixture of oiltf and pitches itTs impossible 
to^obtain a quantitative ^sult of the two kinds of fatty acids. 

DettiCtion and Estimation of Metd&ic Drldrs In Vanilshes.-(- 
The chief ipetals ^o be detected are lead, manganese, c^^lt, and 
oalcjum: Sip&ll quantitiGs ot zipc and ifoSi are often found in 
varnishes, in addition ,to magnesium and‘phosphates, which axe 
components of oil mucilage.^ Generally the examinatiefa is Irestrioted 
to 'Ine detection of dead, mtnganese, cobalt, affd talcium.“ The 
Vdinary tests and methods of estimation may be performed on 
the«sh obtained on incineration of the yariush. Neve^itheless, 
^lAlitativo purpose^«there is,great savtfig of timn if the varai^ 
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can be ti^ated directly by reagents which will detect the metals 
referred to above. 

• ^ieat?.-^The»detection of lead is simple. The varnish may be 
inciner^ed |nd the as^ examined by the usual meMiods, viz. 
satraction with hot nitric a^id followed by filtration and addition 
of .^pdium ace^kte solut^n and potassium bichromate. A yellow 
precipitate of lead chromate ^dicates the presence of lead, which 
may be confirmed by adifitibn of a solution of ammonium sulphide, 
whereby the lead chromate" would be transformed into black lead 
sulphide. • 

Incineration of the varnish is not necessary, because by using 
hot dimte nitr^ acid the lead can be extracted from the varnish 
and the solution tested as above. A more rapid method is to dilute 
with an equal quantity of light petroleum in a test tube and shako 
vv^ the varnish for two minutes with a dilute solution of potassium 
bichromate. If lead be present there is no sharp line of division 
between the two liquids, owing to a precipitate of lead chromate 
at the dividing surface and also on the walls of the test tube. If 
the contents of the tube be carefully poured away the lead chronlkl^ 
is found to stick to the glass, and its presence can be confirmed 
by treatment with ammonium sulphide. The test woiis in the 
presence of manganese and cobalt. 

Manganese .—The presence of nmnganese or cobalt cqn be 
detected without incineration of the varnish by the following 
method ; The varnish is diluted with an equal volume of light 
petroleum, a little water and a few drops of potassium hydroxide 
are added, and the mixture is well shaken. Some of the water 
layer is withdrawn by a pipette and tested with a solution of 
benzidine in acetic acid. A blue coloration denotes the presence 
of either manganese or cobalt.®^ In the presence of cobalt it U 
advisable to incinerate the varnish, treat writh hot hydrochloric 
acid, filter, and neutralise carefully with sodium hydroxide solution. 
It is recommended that the solution be warmed before the addition 
of the alkali, but the excess of alkali must only be removed when 
the solution is cold. If manganese be present, a red colour is 
produced on addition of a solution of potassium oxalate, which is 
said to be due to the formation of K 3 Mn(Cj 04 ) 33 H 20 -“ It is 
stated that 0-012 milligram of manganese can be detected^ in 
10 c.c. of solution ev8n* in the presence of lead and cobaJt. A 
modificalaoh*of the method f»s been put fojwtlrd by Pilk^Hermani,®^ 
in which Hhe varnish is incinerated and the ash is dissdved in 
hydrochloric acid. • The solution is boiled for a few minutes to expel 
chIorine,^iud excess of potassium hydroxide added fo« remove the 
free acid. The turb*^ solution «is •cleared by addition of oxalic 
acid, and a solution fit sodium .nitsite, followed by a few drops of 
hydrogeif peAxide, gives a currant-re^coloration if raanganeso be 
present. It is f (*lible to detect mangAiese in the presence of cob^t* 
without incineratip% of the vapiish or oil by a modification of 
Chirn’s fnAganese test*. •2-3 c.c. 6f tie varnish are thiimed %ith 
3-4«c.c. of light* petroleunf and shaken fqr %ix to eight minutes 
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with, moderately dilute nitric acid. The aqueous laySr is with¬ 
drawn and boiled with manganese-free lead peroxide, and a violet 
fcolourshowsthepresenceofmangane.se. • ' * 

Mangdnese in the ash of a varnish*may bt; estifnated by the 
usual methods (for details of the bi»muthate mrfhod see W. W. 
Scott, Standard Methods of Chemical AnaJfjsis, 1917, p* 029). fr 

Cobalt .—^As in the detection of i8angfine.se, the varnish may be 
examined directly or incinerated and tlje a.sh tested. If the varnish 
be diluted with petroleum or benzol and shaken with a weak lemon- 
yellow coloured solutftm of a-nitroso-/f-naphthol in glacial acetic 
acid, a red colour is shown in the presence of cobalt. If jSjnitroso- 
u-naphthol bo used, the reaction is more sensitive • 0-00(i059 milli¬ 
gram in 1 c.c. of solution gives a pale red colour, whilst a-nitroso- 
/f-naphthol requires a concentration of 0-009.59 milligram pm- o.c.“ 
If the varnish be incinerated and the ash dissolved in a mineral 
acid, the addition of ammonium sulphocyanate in excess, with a 
little concentrated potassium acetate and 2 or 3 drops of saturated 
tartaric acid (to remove ferric sulphocyanate), will give a blue 
•cSoration in the presence of cobalt, due to the formation of 
Co(f)NS)dNHd2. 

The te.st may be performed without incineration of the varnish. 
Shake the varnish, previously diluted with light petroleum, with 
dilute hydrochloric acid, separate the water layer, and examine it 
as-above. If rosin be present the procedure is slightly modified. 

1 -6 c.c. of thinned varnish is shaken with i c.c. of ammonium cyanate 
solution; -J c.c. amyl alcohol and 3-4 c.c. ether are added, and the 
mixture shaken. As a red colour might indicate a trace of iron, 

I c.c. of ammonium acetate solution and 2-3 drops of a saturated 
solution of tartaric acid are added, whei-eby the vamish-ether-amyl- 
alcohol layer becomes green. The addition of 1 c c. acetone causes 
the cobalt blue colour to appear in the aqueous layer.. This test, 
works even in the presence of lead and manganese. 
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Abietcne, 11^7 

Abifltic acid» 108, 110, 136, 190 

- - --(ft, 139, 140, 141 

-(Para), )(I5 

Absorption of oxygon by raw, bonen, 
and polymoriKod oils, 51 
Acaroid (occroldes), 100, 112, 120,127 
—, yellow. 111, 127 
Acetone, 194, 190 

— oil, 194 

Acetylcellulose, 1911, 190, 293 
Acid values of varnishes, 342 
Acrolein, 18, 19 
Acrylic acid, 19 
Aeroplane dopes, 294*7 
Aerostyle sprayer, 222 
Albortol, 155 
Aleurilic acid, 131 

Amber, 1, 2, 110, 112, 121, 122, 123, 
200 

Ammoniacum, 109 
.^5-Amyl alcohol, 194, 196 
tt'Amyrene, 106 
tt-Amyrin benzoate, 106 
Amyrins, 106, 108 

Analysis of bituminous varnishes, 343 

__drying oils ^Drying oils), 

315*34 ^ ^ , 

_—_ oil varnishes, Boughton s 

method, 335 

_, Pearce’s method, 335 

_, de Waele’s metiied, 339 

_ ^ Wdiff’s method, 33ff*^ 

_*— spirit j^iunishes, 299 * 

Anglo-Amo^HUseed-crjiwiingsyfi^m, 

• 63 

A^oetida^OO ^ 

. Aspbfilt^nes, 162, 173 ^ # 

Asphaltites, 168, 159, 163 ^ 
Asphaltoge^o a^tds, 163 
Asphalts, Bitfbados. 162-3 
:—, Bermudas, 16 

, GiUonite, 158, 160|^lfi2,163, 
g lanc e pittsh, 158, W2» IBS , 

' -Z; &ah*JitI, 168. 160. 162, ^ 


Asphalts (contd .)— 

, Oklahoma, 161 
Syrian, 161, 163 
—, Trinidad manjak, 160*1 
—, Val de Travers, 161 
Azeltt'y::; acid, 11 
» 

Bakelite (resin), 153 

— insulating varnishes, 313 

Balsams, 95*0 * 

Benzoin, 108, 109, 111, 112, 292 
—, Siam, 112 

Sumatra, 112 

Benzol (physiological action), 195 
Bitumens, 159 
Bituminous paint, 242 
substances, 158-74 
-, origin of, 173 

- - - vamiahos, 240 
-, analysis of, 343 

Black enamels, air-drying, 241-2 

-, stoving, 243 

Blistering of varnish films, 276 
Blooming of varnish films, 277 
Blown oils, 49 
Boiled oils, 45*8 

Bookbinders’ varnish, 288, 290, 292 
Bordeaux oleoresin (turpentine), 13< 
Botany Bay gum, 127 
Breakdown voltage of insulatin 
varnishes, 306 • 

Brushy for varnishes, 221 • 

Bubbling oi varnish 276 - 

' Burmalwlack varnishes, 161,162, 1“ 

Camphene, 181 q 
Canada balsam, 105, ^9^ 
Ce«fladic\cid, 106 , 

(l^adinolio acid, 106 
Oanadoiic ftcid, 100 
Candl«nut oil, 83 
Capi^ic acid, ^ 

Caprylic acid, 10 , . , . , 

T Oarbqn disulphide (phyaiologic|l 
I Ation), 

9R1 
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Catalytic oxidation by drierB, 35-44 
Celluloid varnish^, 293 
Cellulose acetate varnish^, 293 
ester varnishes, 292-8 
Centrifuging prooesBes, 213-16 
Cerium dri^, 39 
— tungate, 36 

Chalking of varnish films, 276 
Chaulmoogric acids, 8 
China wood oil, 77-83, 341 

-varnishes, 247-50 

Chinese lacquer, 150, 197 
Chlorinated hydrocarbons^ 192, 195, 
196 


-, dichlorbenzol, 193, 196 

-, dichlorethylene, 193 

-, monochlc^benzol, 193, 196 

-, pentachlorethane, 193 

-j tetrachlorethane, 193 

-, tetrachlorethylene, 193 

-, trichlorethylene, 193 

1-Citronellal, 127 

Classification of motallic driers, 36-7 
Cl||g}anodonio acid, 8 ^ * 

Ck>achbuilders^ varnishes, 232 
Cobalt driers, 89, 199. 202, 206-7, 346 
Colophene* 183, 185 
Colophenic acids, 138, 140 
Colophony (colophonium), 109, 133- 
144, 336, 340 

Colour standanlisation of linseed oil, 
331 


Oonsistometer, 170 
Copaiba baktam, 95 
Copal oil, 124 
— spirit varnishes, 290 
Copals, 109-10, 117 
—, Accra, 120, 122 
—, Angola, 112,119, 122 
—, An™, 118, 123, 200-1 
—, Benguela (tikbon), 112,119, 122 
—. Brazil, 112,191, 122 
—, Cameroon, 112,122 
Oolombicm, 121 

—, Congo, 112, 119, 122, 200, 201,2^8 
—, Bemerara, 112, 122 
—. East African, 119 
—, Gold Coast, 120 
—.•Kimri, no, 112, 114, 116, 117, 
. m, 28^338 , 

^ Kissel, izi • f 

—, Lindi, 112 

Mu^ascar, 112.119, 122 
^.Manila, l/iK, 11(7, 112, 114, 115, 
mi22, Its, 201, 300 # • 

^ontianac.n 12, ISO, 122 # 

Sierra Leone, 112, l^,tl22 * 

,^6uth Amerkan, 121 . ^ 

African, 119,‘•I 20 3 

OrackiAg of varnish films, 272 

and ^-CresoV 154 « 

oodile ^tt in varnish films, €79 


Cmnarone oil-vamishes, 250 

— mains, 165-6 * 

CJyclohexanol, 193, 195 
Cyclohexanone, 19^ , 

Cyclolin, 64-5 
Cyclom^nane, 161 • 

C^cjopentadiene, 16 
Cyclop^tene, 161* . 

Cyrrjen^ 107, 147, 182 

• •» 

Dargmar, 108-12, 114, 123, 127, 342 

— “ rcsene, 108 

— spirit varnishes, 291 

Bammarolic acid,* 108 
BammaryUc acid, 108 • 

Decorator's vamiskes, 228 
Defects of varnishes, 272-80 
Dihydroxyatearic acid, 10-12 
Dimethylful vene, 15 
Dioxyphonylmethone, 154 
Dipentene, 106-7, 139, 181 
Diperoxylinolenic acid, 17-18 
Dipping varnishes, 221 
Diterebentliyle, 147 
l>oi>oa, aeroplane, 294 
Dragon’s blood, 109-11 
Driers, classification of, 36-7 
—, combinations of, 40 

—, estimation and detection in var¬ 
nishes, 344 
functions of, 41-2 

—, introduction into varnishea of, 206 
—, theories of action of, 42 
Drying oils, 1-33, 77-92 

-, analysis of, 315-34 

-, de^rmination of mowture in, 

322 

— —^-oxidised fatty acids in, 

323 

-^-refractive indices of, 324 

-^-ui^ponifiable matter in^ 

321 

-from petroleum and hydro¬ 
carbons, 92 ■ • 

— times of oils, 294 

' Durability of varnishes, 281 > *■ 

Buroprene, 166 . .- 

a-Elaeo^beliric ^id, 13, 81, ^ 
jS-Elkostearic acid, idf 
Elal^c acid, 9, 12 » ‘ 

Elagidrity ol insulating v&tni^ies, 305 
T-vamishA, 264?. , 4^ , 

Elaterite, 160 / ^ 

Elerai. 1]^ 108*10, lt2 * 

* Enan&Uei^ fflms ioi insulating 
niahe8^312 

Enamels, aar-dxying olaok, 241*2.. 

—, black stov3d^,#43 * wi; 

Epiohlorhydrin, 111 'T^ 

I EssdfitisLoilf. dOO, 107,J09 - 

Ethylformate, 194 *• • ,• ^ 
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Extraction (solvent) process (linseed 
* oil), 66 • 

Filter presses, 210 
Fuxratit^^f ^amisRes, 210 
Finishing coats varnishes, 24'^ 

Fish oils, 00 ^ 

Flakjng of varnish ilms, 272 

Floc(^roccs8. ^ ^ 

Flowing-on process, 222 • • 

Frankincense, Indian, 107 ^ 

Frankonite, 72 

French polish, 287 

Fullers’ earth, 70-1 

Furfural, 4r)5 

Fusel oil, 104 • 

Galactose, 60 
Gamboge, 111 
Guiacuin, 109 
Gum arabic, 94 

— thus. 102, 104 

— tragacanth, 95 

Hardness of vanishes, 260 
Hempseed oil, 88 
Hoptalino, 193 
Heptane, 104 

Hoxabromide test and value of 
linseed oil, 327 
Hoxahydroxystcaric aciil, 14 
Hexaline acetate, IIM 
Hexamethylenetetramine, 154 
Hydrounishiol, 152 
Hydroxy stearic acid, 12 

Indene (Tarn), 155-6 
Industrial uses of lac resin, 130 
Inside varnishes, 230 
^ Insulating varnislH S, 302-14 

-, testing of, 304-8 

Iron driers, 203 
Isanic acid, 8 
Isobutyl aleohol, 194 
Isohydrourushiol, 152 
IsoUnusic acid, 14 
lao-oleic acid, 10 
Issolin, 155 

Japan lac, 160-2, 197 . • 

, Jagans, black, i40. 

Ketohydroxyatearic acid,*U 
KlfctoBtearic acid, 11 * 

Ki6nol, 17« 

Kiri, 131 

Ki-uru^i, 150 ^ 

Knotting, 287 • 

K5ttBtorfef vali!^, 113, 320 
Kusini ari, 4<B1 * 

Lgc, 110, 12^ 128-33 • 

Xjacj^se,J5l 


Lacquer paints, 143 
Lead driers, 39, 199, 202, 206-7 
tetraethyl, 38 

Leather varnishes, 245-7, 297 
Lecithin, 69 

Liebemiann-Siorcli reactioCi, 172,336 
Limonone, 181 

LInoIenic acid (a and ^). 8, 14, 84, 85 

Linolenin, 18, 33 

l.inolic acid, 8, 12,18, 81, 84, 85 

Linoxyn. )8, 21 

lanaeed oil, 8-33 

-, bleaohmg of, 71-5 

-, distribution of, 55) 

-, extraction of, 62 

-, fatty acids, 91 

-, oxLiiation of, 15-33 

-^-, influence of light on, 28 

--, refining of, 68-71 

-substitutes, analysis of, 332 

Linusic acid, 14 
Lithograpliie varnishes, 52-5 
Luinbang oils, 83 

Lysig^iiic ail cavities, 109 ^ 

Malthones, 162, 171 • 

Manganese driers, 38. 199„202, 206, 
207, 345 

Muiijak (Trinidad), 160-1 
Mastic, 109-12, 122-3, 128 
varnishes, 291 
Menhaden oil, 86. 90. 9) 
MethN'lcymene, 147 

— formate, 194 

Met hylphenanth rone. 147 
Moisture in drying oils, estimation 
of, 322 

j —, influence of, on oxidation of 
I linseed oil, 23-8 
Morphology of Pinus maritima, 97 

— - Pinti-'i 102 

Mottletl surfaces of varnish films, 280 
Mucilage (linseed oil), 69, 70, 331 
Muco-cellulow', 70 • 

• 

Naphtha, rectified, 187 
Naphtlias, solvent, 190 
Niger oil, 88 
Nonylaldehydc, 11 
Nonylic achl, II, 12 
Nopiner*, 181 * * 

Octylamine, 11 
G?nanthaldehyd^, 10^ ^ 

(Enantlitc acid, 10 
*9ilicica oil, 89 * 

Ol^ic acid^8-10, 84, 85, 329 
Oleorltesins, 95-107 
Olib^um, lOT* 

^ Oxidation of linseed oil, 16-23 
—:»turj>entine, 182 
Oxidised fatty acids, analysis ol? 3§’ 
% • 9 A 
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Ozokerite, 160, 165 
Ozonised air (oil bleacher), 73-5 

Pa?onal, 127 
‘‘Palmitio acid, 0 
Para nibl/l»T-soed oil, 87 
Paracuinarone oil vamiKhes, 250 
Peeling of varnish films, 275 
Pelarponic acid, 10. 12 
Penfalinc, 193 
Pentosano, 69 
Perilla oil, 84 
Petrolenos, 162. 171 
Petroleum pitches, 159, 164, 168. 172 
— (white spirit), 172, 187, 188-00, 
195, 198 

Petroselonic acid, 10 
Pliollanclrene, 106, 181 
Pheiianthrene, 139, 147 
Phenol formaldeliy<le resins, 153 
Physiological action of varnish solv¬ 
ents; 194, 196 
Phytosterols, 8 , 321 
Picric acid, 108, 127 - ' 

ApTmaric acid, 108, 137, 140 
PinVirinic acid, 108 
PinalhetiQ acid, 138, 139 
I'ine oil, 186 

Pine-knot turpentine, 176 

a-Pineiic, 137, 139, 181 

jS-Pinene, 137, 139, 181 

f-Piiiene, 104, 106 

Pinholing of varnish films, 274 

Pinic acid (a, and 7 ), 139, 140, 141 

o-Pinonic acid, 182 

Pinoresinol, 108 

Pinua oleo-resin, 97 

-, American, 102 

Pitches, bone, 159, 167 
—, chemical tests of. 171 
—, coal tar, 159, 167, 168 
—, corn oil-foots, 166 
—, cotion-soed oil, 166 
•a-, examination of, 169-73 
lignite, 168 r 

—, pidm oil, 166 
—, petroleum, origin of, 173-4 
—, physical tests of, 170 
—,*pyrogenous, 158 

rosbi. 159, 168,169 , 

—f solubility teics of, 171 < 

—, stearino, 158, 165, 16K 
—, 8 toc%holm, 159, 168 
—, wood tar,, 1^8 ^ 

—, wool grease, 158. 166 < i 

Pitting of varAish films, 274 ( ^ 

Plaatometer, 261 » ' 

P<Vl^arpic acid, 137 ' 

Polymerisation, condeKsed, 56 /. 
^—crof linseed oil, theories of, 55-7 
—turpentine, 183 % • 

' —• wood oil, 82 • ' 


I’olymerised oils, 52 
Poppy-aeed oil, 54, 88 ‘ ♦ 

Pyrobitumens. 159 
Pyrocatechuie acid, 108 , 

Rancidity of oils. 19 
Refractive indices (oils an<l varnis 
thinners), 32', ^ 

Reqiiisements of driers, 37, 38 
r.espp-s, 105-9, 199 
Re/fln acids, 108 

— esters, 108 
Resinatos, 142, 109, 206 
Hesiniles, 155 
Resinoles, 108. 109 

Rt‘sins. acidity, s.i?. and i.v., of, 113- 
—. elassifieatlon of, 199-JO 
, colour of, Ill 

— , estimation of, 114. 336, 339 

— formation in the plant of, 108 

— , general cliaracteristies of, llU 

— , ineiliiig p<.*int, 115 

— , rt'lative luirdness of, 111 
—, solubility of. 111 

— , spirit varnish, 126-49 
—, vaiTiish, 107-15 
Resites, 155 

Resorcin rosIn-ester, 145 
ReUmo, 139, 148 
Rimuic acid, 137 
Kivollmg of varnish films, 273 
Ropiness of varnishes, 280 
Rosin, 112, 114, 122, 126, 129, 13; 
49, 199, 248, 336, 338 

— , American, 123. 142 
—, Austrian, 142 

—, consumption and production o 
175 

— esters, 144 

—, estimation in oil varnishes of, 33 
—, grades of. 135 

— manufacture, American, 135 

— —, French, 134 
~ oil, 146 

—, properties of, 135 
Running of copals, 202-9 

Sandarach, 109-12, 122, 123, 12( 
127, «92 . 

—- spirit varnishes, 292 
Sapnic acid, 140 
Sebe'tio acid, 10, 11 
Shellac, 110-1^', 114, 128-33 
—, bleached, 112, 132 C 
—, bi^t^Soc, 132 
—, compc{yition of, 131- 
—, garnet tec, 133 _ ^ 

—, grades of, 131 
—, grain lac, Iflk^ 

^—. m^ufacture of, 131 
—, g^d Itae, #19 * 

—,Bti#k lac, 122, 12ft, m c 
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Shellac (cor^fd .)— 

T.N.. 132 

—, vamiflheR, 280-90 

Silking va^mh fSIme^ 28(1 
Sinking in of varnish (ilms. 280 
Sitosterol, 8, 321 ^ ' 

Sle(%ine8s of ■•amisli films, 2>J0 
Slushing oils, 251 
Sobroroi, 182 
Soya bean oil, 85-0 
Spinaoone, 8 

Spirit- varnish nwins, 120-40 

— varnishes, 2HI-301 

— analysis of. 200 

- - (spocifioations for resins atul 

shellac*). ^208 

Spraying of vamishoa, 221-2 
Squaionoi 8 
Stand oils, 52-5 
Stearic afdfl, 0, 281 
Slearolic acid, 11 
Strasbourg turpentine, Kjo 
Succinoabietic aeid, 108 
Succinort^sinol, l(t8 
Sumreainotannol, 108 
Sunflower oil, 88 

Susceptibility factor of hituininoiis 
substances, 170 

Sweated gums, proix'rties of, 123 
Sweating up of varnish films, 280 
Sylvestrene, iHl 
Sylvie acid, 130, 140 
Synthetic ixisins. 153-7 

Tar spirit, 101 
Tarinc acid, i 2 
Terebenthenps, 100 
Terpenes, 180 
Terpine, 181, 183 

— hydrate, 186 
Terpineol, III, 181, 186 
Tetridiydroxystearic. acid, 13 
Tetrfdine, 191, 195 
Thickened oils, advantages of, 57 
Thiophene, 191 

Thitsiol, 153 

Timber protection, 238-9 < 

Tonsil, 72 ^ * 

Ti»cJjyloUe neia, 108 
Tricyclodeoone, 101 • , 

Tjphydrojcypalmitic aced, 131 
IMmetby^e, 160 
'Briperoxylinolenic glyceride. 18, 33 
Tung oil, 77-83 ^ 

Tonga resin, 145 ^ * 

Tungates, €06 • 

Turbidity otiivamipi^eil 281 
Turp<nitme, estimation of, 183 
general moperti^ 94 1^^ 
--^hvdK^a^ons, 180 
—' (!$o-TOsin, 97-lOJ^ 


Turpentine [conid .)— 

—, storage of, 170 
—, substitutes for, 188, 198, 199 
varieUoBof,102,108,109,176-80,1» 
—, wood, 170, 187 - 

I'yndall effect, 260 

irndercoats, varnish, 218 
Urushic acid, 152 
Uriishiol, 152 

I Varnish r^ins, 107-15 
Varnishes, Bakelito, 155, 314 
! •, bituminous, onaJysLs of, 343 

; —, black leather, 297 
I , celluloid, 293 

i . cellulose acetate, 293 

I - , — ester, 292 
j - , insulating, 302-14 

, application of, 309 
, , breakdown voltage of, 306 

' • . , cementing of. 3 lo 

, •, classification of. 303 
, , elasticity of, 305 • ^ 

- , -, finishing of, 311 

. - , for impregnating paperS and 

fibres, 310 

, - ,-\vlnding8,^303 

- , — transformers,’312 

, , heat conductivity of, 306 

- , penetration of, 305 

. , solid impregnat ing compounds, 

308 

. oil. acid values of, 342 

- . - , analysis of. 334-46 
, - , black leather, 245 

, —, body, 232 
, - . French. 232 

- , — , , maple, 232 

, — . —, Venice, 232 
, cabinet, 232 
i , , carriage, 232 

, (dmrch oak, 228 
» ..crystal paper, 231 
•. - . oofecta of, 272-80 
—. , durability of, 281 

, elasticity of, 264 
. - ’, flatting, 230 
. • , floor, 230 
-, door, 2 t 0 

j , - , mmituro, 231 
—. —, gold size, 237 

- , - hardnessSof, 260 

- ■ ^ , iipatt. 237 • * 

•l , — , mixing, 231 t 

-f, —, patacumarone, 250 

- ■, - % piano and polisliing, 23 
“ , i~, rubbinf, 232 

1 —, seaplane, 234 

—, r-, stoving, 236 
I * , violin«237 • 

I —, —, water absorption of,* 267 
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VanuBhos, oil (contd .)— 

—, —, white, 231 
—, »bcUac, 287 
Bpirit, 280-301 
—, —, ana|iV8iR of, 290 
—, wood oil, 247 
Venice turjiciitino, 90, 197 
ViRCometcrs, air-bubhlc, 254 
Bawtreo’s, 202 

— . capillary tulw, 258 

— , Coleman-Archbutt, 259 

—, fullinji Kjjberc, 254 ^ 

— . Li<lHj.ono, 259 
•, torsion. 250 

Viscosity of vaniislu^. 253-04 
Voltcile, 51, 57 


Walnut oil, 88 r 

Water absorption of drying oil filrfts, 
17 

Webbing of varnish films, ( 

White spirit, 172, 187, mm, 105, 
19^ 

Wobd fillers, 217 . 

Wrink^ig of varnish films, 273 f' 
\y^u't.zmite, 100 

‘ ? * 

Xanlhoresinotannol, 108 
Xanthorrhflca rt'sins, 127 
Xylol. 190 

Zapou, 293 
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